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ABSTRACT 
 
Decontamination of wireline formation samples, contaminated with Oil Based Mud, has traditionally 
employed empirical numerical methods based on the exponential decay theory. This theory suggests that 
the relationship between the molar distribution of heptane-plus (C7+) fractions and their corresponding 
molecular weights can be described by an exponential decay function. It has been proven to accurately 
predict the level of contamination in oil samples where the contaminant and oil are fully miscible, but not 
in gas and condensate samples where the contaminant exhibits partially miscible behaviour. These 
methods have no foundation in thermodynamics and consequently neglect key characteristics in the 
behavior of hydrocarbon mixtures in the process of contamination. 
This investigation has established a numerical method of decontaminating gas wireline samples by 
solving the inverse problem: anticipating the reservoir composition necessary to produce the measured 
contaminated samples given that the contaminant composition is known. The Equation of State has been 
used to calculate the vapour composition of a given volume of reservoir fluid and contaminant. Non-
Linear optimization and fluids analysis software have been integrated to run a regression, varying the 
input reservoir composition and the proportions of reservoir/contaminant fluid, to optimize a solution 
across multiple samples.  
To verify the proposed method, a known reservoir fluid was artificially contaminated by adding 4 
different amounts of contaminant, and then measured to test the optimization algorithm. Subsequent 
investigations were conducted on live contaminated samples. 
The investigation has proven that this process of optimization can be used to establish the composition of 
a reservoir fluid, which, when mixed with a known contaminant, results in the compositions measured in 
multiple samples. However, it goes on to show that this is a highly constrained problem and optimization 
is very sensitive to the input parameters. The investigation has shown that although the theory is sound, 
the algorithms used for the optimization require mathematical refinement to ensure that the method is 
effective in the process of decontamination.  
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Abstract 
 
Decontamination of wireline formation samples, contaminated with Oil Based Mud, has traditionally employed empirical 
numerical methods based on the exponential decay theory. This theory suggests that the relationship between the molar 
distribution of heptane-plus (C7+) fractions and their corresponding molecular weights can be described by an exponential 
decay function. It has been proven to accurately predict the level of contamination in oil samples where the contaminant and 
oil are fully miscible, but not in gas and condensate samples where the contaminant exhibits partially miscible behaviour. 
These methods have no foundation in thermodynamics and consequently neglect key characteristics in the behavior of 
hydrocarbon mixtures in the process of contamination. 
This investigation has established a numerical method of decontaminating gas wireline samples by solving the inverse 
problem: anticipating the reservoir composition necessary to produce the measured contaminated samples given that the 
contaminant composition is known. The Equation of State has been used to calculate the vapour composition of a given 
volume of reservoir fluid and contaminant. Non-Linear optimization and fluids analysis software have been integrated to run a 
regression, varying the input reservoir composition and the proportions of reservoir/contaminant fluid, to optimize a solution 
across multiple samples.  
To verify the proposed method, a known reservoir fluid was artificially contaminated by adding 4 different amounts of 
contaminant, and then measured to test the optimization algorithm. Subsequent investigations were conducted on live 
contaminated samples. 
The investigation has proven that this process of optimization can be used to establish the composition of a reservoir fluid, 
which, when mixed with a known contaminant, results in the compositions measured in multiple samples. However, it goes on 
to show that this is a highly constrained problem and optimization is very sensitive to the input parameters. The investigation 
has shown that although the theory is sound, the algorithms used for the optimization require mathematical refinement to 
ensure that the method is effective in the process of decontamination.  
Introduction 
 
As the cost of early field development steadily rises with the expansion of deepwater operations and increasing demand for 
Liquefied Natural Gas (LNG) facilities, early fluid analysis is becoming increasingly vital. The successful economic evaluation 
of flow assurance and facility design depends on an operator’s ability to effectively characterize the nature of the fluid to be 
produced. Analysis of reservoir fluid composition and characteristics is ideally carried out on samples taken during a well test, 
where any contamination can be removed from the reservoir prior to sampling. Contamination most commonly occurs as a 
result of the drilling process where ‘mud’ is circulated in the well bore to maintain stability, condition the well and provide a 
hydrostatic barrier against reservoir pressure. This mud may infiltrate the reservoir rock and creates a zone around the well 
bore where the reservoir fluid has been partially displaced by the mud (flush zone). Physical measurement of the produced 
reservoir fluid during a well test ensures that no mud remains when sampling.  
In the early stages of field evaluation a well test is considered a luxury due to the time and cost involved and operators 
generally rely on wireline formation testing to get their first estimates of fluid composition. A wireline formation test entails 
sending a sophisticated tool into a well on a cable with formation characterization telemetry being sent to the surface and 
carefully monitored. At the operator’s command the tool uses a sampling probe, surrounded by a packer, to butt up against the 
targeted zone. Fluid is then pumped through the tool, drawing reservoir fluid towards the probe. After a predetermined time or 
volume the reservoir fluid is pumped into a sampling chamber within the tool. The processes and tools used for wireline 
Imperial College 
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formation sampling have vastly improved over the last decade in obtaining cleaner, less contaminated samples.  Studies and 
simulations have provided methods for clean up time (Alpak et al., 2008), and pump out volume estimation (McCalmont et al. 
(2005)), aiming to minimize contamination by avoiding sampling from the flush zone. It is widely accepted that total 
elimination of contamination is impossible and that the level of precision of any fluid analysis is dependent on the type and 
volume of the contamination. 
There are two types of mud used in the drilling process, water-based and oil-based. Samples with traces of water-based 
mud can be effectively decontaminated in the analysis process due to their obvious signature and non-hydrocarbon nature. Oil-
based mud, commonly known as Synthetic Based Mud (SBM), is more difficult to quantify, as it is not easy to distinguish 
between reservoir hydrocarbons and hydrocarbons introduced to the reservoir by the mud. The decontamination process relies 
on the accuracy of numerical or empirical decontamination techniques applied to measured contaminated composition profiles.  
The use of SBM and the associated problems, specifically contamination of formation samples, has been well documented 
(Gozalpour et al., 2002). In condensate and gas environments contamination of formation samples result in artificially higher 
saturation pressures and erroneous Condensate Gas Ratios. These inaccuracies are becoming critical as the need for accurate 
fluid characterization is increasingly vital for early field appraisal and development planning. 
The estimation of contamination and the evaluation of true reservoir fluid properties has historically relied on service 
companies using various undisclosed methods, which are derived from the exponential decay theory and are variations of the 
subtraction or skimming method (MacMillan et al., 1997). This theory suggests that for any petroleum composition the 
relationship between the molar distribution of heptanes-plus (C7+) fractions and their corresponding molar weights can be 
described by an exponential decay function (Katz, 1983), (Pedersen et al., 1984). Any mole fraction that is found to be in 
excess of the values given by this anticipated function is assumed to be contamination. This assumption has been further 
developed with the introduction of a gamma probability function (Whitson, 1983).     
Skimming and subtraction provide crude, empirical approximations of composition. These methods have proved reliable 
for black oil (MacMillan et al., 1997), where the contaminant is considered fully miscible with the reservoir fluid. These 
techniques, however, neglect any partial miscibility or consideration of miscibility in both directions, i.e. any phase change 
from vapour to liquid (reservoir gas dissolving in mud) and liquid to vapour (mud components vaporizing to the reservoir gas). 
When dealing with condensates or gases the neglect of partial miscibility has resulted in inconsistent fluid characterization. 
 
In a recent case presented to Hess Ltd. a well was drilled 
using an SBM and wireline formation testing was subsequently 
run to collect fluid samples. As a result of inconsistent 
numerical decontamination, 4 different saturation pressures 
from four samples taken from the same sampling point were 
reported, Figure 1. The range of reported pressure was in excess 
of 300 psi and lay across the reservoir pressure. The saturation 
pressure defines the point at which liquid will drop out of a gas 
and is a vital parameter in many disciplines of reservoir 
engineering. These results were contradictory to all other data 
collected on the reservoir. 
Figure 1 – Graph showing the reservoir pressure and saturation 
pressures calculated from the decontaminated composition of 4 
measured samples from the same reservoir. The subtraction method 
was used for the decontamination calculation. All other reservoir data 
suggests the fluid saturation presser should be below reservoir 
pressure.  
 
   
 
The objective of this work was to find an alternative method of numerical decontamination using thermodynamics to 
overcome the issues associated with decontamination of gas wireline formation samples. During the course of this study two 
new numerical methods were investigated. Live and synthetic data (Appendix C) was used to verify the methods and ascertain 
their effectiveness in comparison with the established subtraction and skimming methods. The first method involved running a 
non-linear regression on the reservoir composition for a set of mass balance equations. Each equation represented the 
conservation of mass within each sample chamber taken from the same reservoir. This method was quickly proven to be 
unreliable, with inconsistent results, as presented and discussed in Appendix D. The second method, which is the focus of this 
paper, assumes that the mass ratio of reservoir to contaminant fluid within the sample chamber does not correspond to the mass 
of fluid contact in the reservoir. It is assumed that the measured fluid composition taken from the sample chamber is 100% 
vapour at reservoir conditions (Figure 2). With these assumptions in mind, the inverse problem has been solved and fluid 
simulation software used to find the composition profile of a reservoir fluid that would result in the measured contaminated 
profiles when mixed with a known contaminant.  
Both methods rely on the examination of multiple samples and the use of non-linear optimization software to solve the 
inverse problem, i.e. to find a best possible match reservoir fluid composition that results in the output parameters defined by 
the multiple measured contaminated sampling results. Using developed mass balance and Equation of State (EOS) theory as 
the foundation of the investigation ensured that partial miscibility was not neglected.  
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Figure 2 – Schematic of the fluids system from reservoir to sampling chamber. 
Wireline Formation Samples 
 
Live data was taken from wireline formation samples from two independent wells. The wells had been drilled into the same 
gas reservoir and samples taken from the same zone. The uncontaminated fluid properties from both wells are therefore the 
same. The reservoir permeability is sufficiently high; ensuring minimum drawdown, making certain the pressure at the 
sampling point did not drop below the saturation pressure. The two wells were drilled with different drilling fluids, one with a 
wide spectrum oil based mud (Figure 3) and the other with a narrow spectrum (Figure 4). Mud samples were taken from both 
wells directly from the mud pits while drilling through the sampling depth. The different mud types have resulted in 
distinctively different contaminated composition profiles, which have been used to assess the effectiveness of the methods 
applied. 
Hydrocarbon composition (measured by a fluids analysis lab) was determined using flash separation/chromatographic 
techniques. All samples were initially checked for free water/filtrate, which was removed at reservoir conditions. A fluid sub-
sample was isothermally flashed to standard conditions (14.7psi & 60degF) and separated into gas and liquid phases. Each 
phase was independently measured and the results were then numerically recombined at the measured gas-oil ratio to establish 
the contaminated reservoir fluid composition.   
Uncontaminated compositions for each sample were then calculated using an undisclosed variation of the numerical 
subtraction method. Measured contaminated reservoir fluid compositions, measured SBM compositions and estimated 
uncontaminated reservoir fluid compositions are reported as per Appendix C.   
 
 
Figure 3 – Sample Composition from Well L, contaminated with a 
wide spectrum mud in the form of Saraline 185V. 
 
Figure 4 – Sample Composition from Well N, contaminated with a 
narrow spectrum mud in the form of Alphatech.  
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Subtraction/Skimming Decontamination Techniques 
 
It has been empirically shown that if the molar fraction of each component of a petroleum reservoir fluid heavier than C7 is 
plotted against molar weight, it will follow an exponential decaying curve on a Cartesian plot and a straight line on a semi-log 
plot. Based on these observations two methods for determining the true reservoir composition from contaminated samples have 
been developed (Gozalpour et al., 2002). 
 
Skimming. Any fraction that deviates from the straight line on the semi-log plot within the range affected by the contaminant 
is simply skimmed off and then the full composition is normalized. The resultant composition profile is considered a reliable 
estimation of the uncontaminated reservoir fluid. There is no consideration of partial miscibility or volume of contaminant.  
 
Subtraction.  A volume of contaminant is numerically removed from the contaminated sample profile. The C7+ components of 
the resultant profile are used to fit an exponential decay function on a semi-log plot. The procedure is repeated with different 
volumes of the contaminant until a best fit is established with the exponential function.  Although an estimation of the volume 
of contaminant in the sample is required there is still no consideration of partial miscibility or the volume of contaminant that 
the reservoir fluid has been in contact with. Figure 5 and Figure 6 demonstrate the results of the subtraction method with details 
in Appendix E. 
 
 
 
Figure 5 – Decontaminated sample L.1, estimated using the 
subtraction method. 1.1% contamination weight percentage of the 
whole fluid weight. Appendix E.  
 
 
 
Figure 6 – Decontaminated sample N.1, estimated using the 
subtraction method. 0.62% contamination weight percentage of the 
whole fluid weight, Appendix E. 
Methodology  
 
Theory & Assumptions. In order to create a thermodynamic model of the gas contamination process and associate this with a 
collected and measured sample composition, a few assumptions have to be made regarding these processes. Prior to sampling, 
the reservoir gas is drawn down to the sampling point by pumping the mixture of reservoir fluid and filtrate from the formation 
to either the borehole or a redundant chamber in the sampling tool (Akram et. al., 1998). The time and/or volume required to 
conduct this clean up is estimated with consideration to the depth of invasion, rock and fluid properties and the pump out rate 
of the sampling tool. This study has assumed that contamination occurs in three steps: at the face of the flush zone, within the 
SBM saturated rock and within the sampling chamber, Figure 7. An unknown volume of gas comes into contact with an 
unknown volume of contaminant (SBM), with a transfer of components from one fluid to another at the face of the flush zone. 
Then a volume of gas is stripped of components as it passes through an unknown volume of contaminant on its way to the 
sampling probe. Finally, contamination occurs within the sampling chamber where residual SBM has been drawn into the 
chamber along with gas. At each step the mixture homogenizes at reservoir temperature and pressure, at varying ratios of 
reservoir fluid to contaminant. The mixture ratio is a function of three factors: the relative distance through the SBM saturated 
rock that the pure reservoir fluid needs to travel, the rock heterogeneities and ultimately the pump through time/volume.  
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Figure 7 - Diagram showing the three contamination processes. A) As the mud invades the formation and pushes the reservoir fluid out creating 
a flush zone contamination occurs at the fluid contact. B) Contamination occurs as the wireline formation sampling tool draws reservoir fluid 
through the mud saturated rock towards the probe. C) When the sampling chamber is filled residual mud will be pulled into the chamber and 
contamination will occur inside.  
 
Ultimately the contaminated sample that is brought to surface is vapour with a fraction of filtrate of unknown composition. 
The liquid is removed at surface and discarded before analysis. This work has therefore assumed that the measured 
contaminated composition of the sample is 100% vapour at reservoir conditions.  
SBM cannot be assumed to be fully miscible with gas or gas condensate fluids. Components of a liquid SBM will transfer 
to the vapour phase and components of the reservoir fluid will transfer to the liquid phase. Mass balance is difficult to 
independently employ to define this problem (Appendix D) as the mass of any sample taken is not representative of the total 
sum of masses involved in the contamination process. Consequently thermodynamic equilibrium has been used to describe the 
transfer of components between phases within the reservoir.  
Given the composition of reservoir and contaminant fluids and the ratio between them, the Equation of State (EOS) can be 
used to describe the vapour and liquid phases at reservoir conditions. In an ideal world the composition of a reservoir fluid 
could be numerically combined with the composition of a contaminant with a ratio representative of the true contact volumes. 
The resultant vapour phase, calculated at reservoir conditions using a tuned EOS, would equal the vapour phase physically 
measured from a sample of that contaminated reservoir fluid.  
The fundamental approach in this study has been to solve the inverse problem, whereby the reservoir fluid is found by 
varying a composition, which is mixed with the known contaminant, until the resultant calculated vapour composition matches 
the measured sample composition. When the calculated vapour equals the measured vapour then the reservoir fluid 
composition has been correctly estimated. The aim of simultaneously matching multiple samples limits the problem to a single 
‘best possible’ solution and minimizes the effects of errors in the measured sample data being matched against. Using non-
linear optimization techniques to run the EOS and find a global solution permits the optimum local solutions to be calculated 
for each carbon component, while adhering to the constraints imposed by thermodynamics. These constraints include those 
governed by the EOS (interaction coefficients and mixing rules), mass balance and the ratio of reservoir fluid to contaminant 
for each sample, Figure 8. 
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Figure 8 – Flowchart describing the regression process for finding the true reservoir fluid compositions from 4 measured contaminated sample 
compositions. 
 
Equation of State (EOS).  The EOS is a thermodynamic equation that describes the behavior of fluids in regard to pressure, 
temperature and volume. It can be extended to describe the behavior of complex mixtures of different species. The Peng-
Robinson EOS (Peng & Robinson, 1976) has been used in this investigation to run a Flash calculation within a Fluid Analysis 
computer program. A Flash calculation estimates the distribution of mass and volume of each component between the two 
phases at a given temperature and pressure. Specifically the results of the Flash provide the vapour mole fractions of each 
component at reservoir conditions.  
To effectively run a Flash calculation and maintain consistency between the measured and the calculated composition 
derived using the Analysis software, the mole weight and density of each component input parameter has been cross referenced 
with the those used in the lab analysis, Appendix G. The remaining parameters associated with the Peng-Robinson EOS were 
referenced from the standardized software database.  
It has been suggested that the success of the EOS deteriorates as the molecular weight of a particular component increases 
due to unpredictable behavior and interactions of the longer, more complex hydrocarbon chains, (Danesh, 1998). Therefore a 
pseudo C20+ component was created to represent the heavier fraction of mixture and generalize this uncertainty. This is still a 
relatively high carbon number for the EOS to effectively model but if it is reduced any further then the range in which the 
contamination is prevalent (and trying to solve for) will be lost to this generalization. The molecular weight and density of this 
pseudo component was calculated as the average of the measured values of C20+ from each the contaminated samples. The 
Edmister and Cavett correlations were used to calculate the critical properties of the C20+ component, (Edmister, 1958, Cavett, 
1962).    
 
Non-Linear Optimization. In order to run multiple flash calculations and optimize the output to match multiple measured 
compositions by changing the input variables, a multivariable search method had to be chosen. There are many commercial 
optimization algorithms available and the Generalized Reduced Gradient (GRG2) was chosen due to its availability and its 
known strength in solving constrained multivariable problems, (Lasdon et al., 1973, Pike, 2001). The Microsoft Excel nested 
solver is an easily accessible and user-friendly GRG2 optimization system and has been adopted in this investigation. 
All data, including sample and contaminant weight fractions and reservoir temperature and pressure were inputs into a 
developed Excel program. A Visual Basic for Applications (VBA) code was specifically written in order to numerically mix 
the compositions, send input parameters to the fluid analysis software, run a flash calculation and collate the flash output. This 
allowed the optimization to be run directly from Excel, with each iteration of the regression running an independent flash 
calculation. Details of the macros are in Appendix F. 
The GRG2 search method uses geometric theory to move each variable rapidly from a starting point away from the 
optimum to a point close to the optimum while satisfying all the constraints. Converting the problem from a constrained to an 
unconstrained problem and then running unconstrained search procedures such as the quasi-Newton method rapidly finds the 
optimum solution.  
The problem has been defined within Excel with the independent variables (mixture ratios and the mole percent of each 
component of the pure reservoir fluid) and the constraints (the EOS and mass balance) carefully considered. The regression 
operating from Excel runs a new EOS calculation for each change of variable value. This results in the algorithm functions 
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created by the optimization process to change very rapidly. The central differencing method was selected within the solver 
package for the estimation of the function’s partial derivative. This method provided a fast and accurate estimation of partial 
derivatives in a rapidly changing environment.   
The primary constraint used to define the regression outside of the EOS was the need for the reservoir fluid total mole 
fraction to equal 100%. This was achieved by defining the C20+ mole fraction as a direct resultant of the rest of the components.  
The average mean squared error was used as the optimization target. This was a function representing the error between the 
calculated vapour mole fractions and the measured mole fractions of each sample. Several relative function variations were 
tested including weighting the components within the contaminated range. The function finally chosen provided the most 
consistent results without bias; 
 
                        (1) 
 
n = Number of measured samples 
X = Measured mole vapour fraction of component i from sample j 
Y = Calculated mole vapour fraction of component i from EOS 
 
An initial VBA code written to connect to Schlumberger’s PVTi resulted in the vapour composition results being reported 
to 4 decimal places. This output resolution was too small for the regression to converge on. A second program was written to 
link with Petroleum Experts PVTp. This software runs off an Open Server system allowing for faster access to higher 
resolution results. 
Results and Discussion 
 
Synthetic Case. In order to provide a base case with which the inverse-problem theory and optimization method could be 
tested, four synthetically contaminated compositions were created using the same PVT simulation software. This would 
provide a case without any possible sampling or analysis errors and without any uncertainty over the accuracy of the EOS. The 
compositions were created by mixing and flashing a known reservoir fluid composition (well test sample data from a reservoir 
within the same basin as the live data) with a known contaminant at four different mixture ratios. The resultant vapour 
compositions (Appendix C) allowed for the verification of the optimization method without any unquantifiable sampling, 
analysis or EOS tuning errors.    
With the optimum reservoir fluid profile known the regression process was run from various different starting points, Figure 
9, away from the optimum to assess if the process would converge back to the reservoir fluid profile. The starting points were 
chosen to test the limits of optimization method.  
 
 
Figure 9 - Graph of regression starting points from C8 to C20+ for experiments A to E in comparison with the true uncontaminated composition 
and the contaminated composition. 
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Each regression was run up to convergence on a solution. A solution was defined as no improvement of resultant error 
function up to a resolution of 1x10-6 over the course of 10 full iterations. The resultant reservoir fluid profile was plotted 
against the known true profile and the absolute error between the two assessed. The resultant ratios of reservoir fluid to 
contaminant where also compared with the true values and an absolute error assessed. Figure 10 highlights the effectiveness of 
each experiment by providing a summary of absolute errors calculated as; 
 
Total Absolute Weight Percentage Error   =                                  (2)  
 
Total Mixture Ratio Absolute Error =                                 (3)
 
Z = Calculated value of the ratio between Reservoir fluid and Contaminant fluid as a result of the regression for sample j 
z = True value for the ratio between Reservoir fluid and Contaminant fluid for sample j
 
 
 
Figure 10 - Graph detailing the sum of absolute errors between the regression resultant fraction and the true fraction of each component on the 
primary axis and the sum of the absolute errors between the regression resultant fluid mixture ratio and the true mixture ratio on the secondary 
axis. The graph shows the results from experiments A to E. See Appendix H, Table H.1. 
 
As the figure shows there were mixed results in the effectiveness of the regression process with an obvious sensitivity to the 
regression starting point. Experiment A provided the best result with the regression converging very close to the optimum. The 
starting point was a positive and negative variance across the true composition profile and was chosen to test regressions 
ability to deal with this type of variance. Figure 11 shows the results of regression experiment A, from Octane (C8) to the 
pseudo C20+ fraction. The results show excellent convergence with exception of the nonadecane fraction (C19). The mix ratio 
between contaminant and reservoir fluid for each sample showed effective convergence with a total absolute error of 2×10-4 
across all four samples. The inconsistent result of C19 may be due the small value of the fraction of this component. A small 
relative error in the large fractions of lighter elements will result in the large relative error in the smaller fractions of the 
heavier components. A solution to this problem would be to increase the weights of the relative error in the regression process 
for the components with smaller fractions. This was attempted in this investigation with little success and further investigation 
would be require to make this method effective without bias towards the results of the heavier components. 
The loss in weight fraction of the lighter alkanes (C1 to C5) of up to 5 percent (Appendix H, Table H.2.) suggests that partial 
miscibility is a factor here and that mass of the lighter components is lost to the liquid phase in the contamination process. In 
the process of this regression the results converge back to the original mass fraction in place.    
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Figure 11 - Graph showing the resultant composition profile from C8 to C20+ of experiment A. The regression was started from the profile shown 
in the graph with a mix ratio of 0.005 for each of the four samples. 
 
Experiment B was far less effective with the regression diverging across the alkanes (C1 to C3) and across the contaminated 
zone. Figure 12 shows the results of regression experiment B, from C8 to C20+. The starting profile is an estimated upper range 
of a profile decontaminated using the skimming method. The generous error has been predicted as twice the real mole fractions 
across the contaminated range with the whole profile then normalized to ensure consistency. The results show that the alkanes 
have lost mass, good convergence up to and including tridecane (C13) and then the components over the contaminated zone 
have gained mass.  
The component fractions are constrained by the thermodynamics and mass balance of the problem. Thermodynamics imply 
that the behaviour of each species is a resultant of the other species in the mixture and is modeled within the EOS. Mass 
conservation implies that the total sum of molar fractions for each species must be maintained at 100%. All elements are 
therefore inextricably linked, i.e. the larger fractional components (C1 to C3) divergence is either a resultant or a cause of the 
divergence in the contaminated zone. Detailed results of the full spectrum of components are described in Appendix H, Figure 
H.4. 
Experiments C and D, which where also testing the upper and lower bounds of the regression and A2 and A3 which were 
run to test the limits of the mixture ratio, show the same behaviour, (Appendix H). A2 and A3 were run from the same 
component fraction values as experiment A but with an upper and lower bound mix ratio. The inconsistency of the results 
suggests that the regression is globally highly sensitivity to the starting values of all the variables and not just to the component 
fraction variables.  
The issue maybe due to the optimization process whereby a function used to model the problem could have multiple local 
optimum points where the partial derivative equals zero. This would cause the problem to converge on a local solution that is 
away from the global optimal solution. The only way to overcome this is to apply external knowledge to determine the general 
region in which the global optimum lies to ensure that convergence does not trend away from it and towards a local optimum. 
The problem here is that with increasing number of variables and constraints, the regional bounds of the global solution 
become very small, eventually the region within which divergence will not occur is so narrow that the purpose of the 
optimization is lost.  
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Figure 12 - Graph showing the resultant composition profile from C8 to C20+ of experiment B. The regression was started from the profile shown 
in the graph with and mix ratio of 0.005 for each of the four samples.  
 
 
Figure 13 - Graph showing the resultant composition profile from C8 to C20+ of experiment E. The regression was started from the profile shown 
in the graph with and mix ratio of 0.005 for each of the four samples. 
 
More examination into the sensitivity of this non-linear optimization and the mathematical processes involved is required 
to gain any perspective on this subject. However, an immediate resolution is to use an alternative, less reliable method of 
decontamination, and assume that this lies in the region of the global optimum solution. This profile can be used as the starting 
point with the aim to optimize and validate the results with the regression process  
 
 
   C8        eC8H10    mC8H10      oC8H10             C9                 C10                  C11                C12               C13                C14                C15               C16                 C17               C18                C19              C20+ 
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Figure 13 shows the results of experiment E that used an estimated decontaminated fluid profile, calculated using the 
Skimming method, as the starting point. Experiment E showed much better results than the experiments testing the limits of 
the regression. Absolute error over the full range of components did not notably improve from the previous experiments, but 
the error in the contaminated range showed significant improvement. The result showed a good convergence let down by a 
couple of components. These component results did not diverge but did not meet their true values, suggesting that the 
regression could have been improved with further tuning. 
Running the regression from this estimated decontaminated profile is the most relevant to the investigation because it is a 
realistic starting point from an engineering point of view. Initial estimations for the decontaminated reservoir fluid profile can 
be quickly and easily done using the subtraction or skimming method. This optimization method could then be used to refine 
or validate those results ultimately adding value to the decontamination process.  
 
Live Data. Two starting points were chosen to continue this investigation with the live data. Experiment A provided the 
best result but is not convenient given that the true reservoir profile is not known and the starting point is calculated from the 
subtraction method solution. Experiment E, with good results over the contaminated range and running directly from the 
subtraction method solution, was chosen as the second experiment to run.  
 
 
Figure 14 - Graph comparing the results of regressions run on the live data from Wells N & L using the initial starting point calculation A.  For 
the full profiles and details of starting points see Appendix H. 
 
Figure 14 shows a comparison between the results of the regressions run on the two sets of data using starting point A. An 
alternating positive and negative variance from the subtraction method solution (using the same degree of variance as for the 
experiment on the control data) was used to calculate the starting point profile. It is worth noting that the regression results are 
very similar to the decontamination using the subtraction method. Minor variations can be seen across the contaminated 
components but it is not until one compares the phase envelopes that an improvement in composition can bee seen. 
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Figure 15 shows that the phase envelopes, as a result of the regression of the data from the two wells. They are better 
aligned than the envelopes from the subtraction method with a difference of maximum saturation pressure of 2 degrees Kelvin 
rather than 7 degrees Kelvin (Appendix H, Table H.18.). This would meet expectations that the reservoir fluid coming from the 
two wells is the same, and suggests that the regression has, to some extent, been effective in improving the decontamination 
process.   
 
 
Figure 15 - A comparison between phase envelopes resulting from the decontaminated reservoir fluid from Wells L & N using the subtraction 
and regression methods of decontamination. Regression process used starting point A. 
 
The second regression was run directly from the profile obtained from the subtraction method, as per experiment E, with the 
aim of refining the initial decontaminated estimation. Details of composition results are presented in Appendix H, Figures H.30. 
to H.34.  
 
Figure 16 – Graph of phase envelopes from the results of the regression starting from the subtraction method result compared with the results 
from experiment A.  
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The resulting phase envelopes (Figure 16) from the regressions show that method E was less effective in refining the 
decontaminated profile than method A. The regression on the low-resolution data from Well N has improved the 
decontaminated profile estimation by producing a phase envelope closer to the results from Well L, Experiment A. The 
regression run with the higher resolution Well L data has deviated away from the expected composition and gives, what 
appears to be an erroneous result. On closer inspection the composition profile provided by the result of the regression on Well 
L gives a credible solution with a higher degree of contamination (Figure 17) and may not be erroneous. These results raise a 
major uncertainty because the regression method has provided two credible results.  
 
Figure 17 - Graph showing the resultant composition profile from C8 to C20+ of experiment E. The regression was started from the profile shown 
in the graph with and mix ratio of 0.005 for each of the four samples. 
 
Uncertainty. Until this method of decontamination can be refined and the sensitivity of the regression process can be 
quantified, there will be major uncertainty associated to the results that it produces. Even after refinement there are a few 
remaining uncertainties which would be critical to the success of this process in providing added value to the reservoir 
engineer.  
When using data from lab analysis there is a significant uncertainty over the accuracy of the reported data. The uncertainly 
derives from the nature of the environment the samples are taken in and the processes involved in the analysis of the sample. 
Sample collection, handling and analysis all provide opportunity for samples to become contaminated and inaccurate 
composition to be reported. Any error in the reported data will have a direct effect on the success of the EOS. A benefit of this 
regression method of decontamination is that running a non-linear regression over four independent samples will smooth out 
any errors from the data and provide the best possible solution.  
The fractions of the components within the contaminated ranges are small and the resolution of the data may have a greater 
negative effect than the accuracy of that data. For example, the reported date from Well N had a resolution of two decimal 
places (dp). In effect 0.01 has a possible range of 0.005 to 0.015 that results in the average mean squared error between 
measured and calculated values becoming less effective in the optimization procedure. The high-resolution results from the 
EOS are being cross-referenced with this low-resolution reported data at each step of the iteration process. The resolution of 
the reported lab data can be higher than 2dp, as demonstrated by the data from Well L which is to 3 dp. With consideration for 
the resolution of the laboratory tools used to measure fluid composition, the highest possible precision must be used to 
maximize the effectiveness of the regression process and minimize uncertainty.       
The final major uncertainty is the compatibility and effectiveness of the EOS in modeling the true behavior of the 
contaminated fluid. There are two aspects of the EOS that provide uncertainty. The first is the matter of tuning the EOS to 
represent the fluids being modeled. In this investigation we did not have the data available to tune the EOS specifically to the 
fluid. The EOS therefore relies on empirical correlations to define its fluid parameters. How close these parameters are to the 
true fluid properties is unknown. With more PVT data coming from experiments such as a Constant Composition Expansion 
then enough data can be collected to tune the EOS to provide a more effective model and lessen the uncertainty (However the 
uncertainty is then transferred from the EOS to the accuracy of laboratory measurements and observations). The second 
uncertainty comes from the physical effectiveness of the EOS to model fluid behavior. This is a major subject within the PVT 
and petroleum industry and is an area of constant investigation and advancements. This regression method does not depend on 
one EOS and could adopt the most advanced Equations of State that are available with the best possible techniques.        
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Summary and Conclusions 
 
This paper has described a method of decontamination using a non-linear regression across multiple samples to solve an 
inverse problem. The product is a solution for a true reservoir fluid profile that would result in the measured contaminated 
samples. Two independent programs have been linked together to provide a platform for combining non-linear optimization 
and thermodynamic fluid modeling simultaneously on multiple samples. The effectiveness of this process has been tested by 
running the regression both on live data and on synthetic samples with no sampling or analysis errors. The results have shown 
that the process is highly sensitive to the starting point of the regression. The cause of the sensitivity is as yet unclear and 
further investigation is required to refine the regression mechanism. Nonetheless, it has been demonstrated that although a 
decontaminated profile cannot be found without an initial estimation, this estimation can be refined and improved upon, 
reducing the uncertainty and taking partial miscibility into account. The conclusions of this investigation are: 
 
• ‘Two way’ partial miscibility is present in the contamination process. The results show that some of the lighter 
components present in the vapour will dissolve in the liquid phase. The process of running a regression through a 
thermodynamic model simulates this process and the true composition of the light components can be determined.     
 
• The non-linear regression is very sensitive to the ‘starting point’ of the regression. The closer the starting point of the 
regression to the true composition, the better the result. The further away and the regression starts to diverge and the 
solution is more difficult to find. For this method to be become fully effective the sensitivity of the system would have to 
be improved.  
 
• If the regression process could be successfully verified this would be a sophisticated method for refining and validating 
any initial decontamination estimation determined used the subtraction or skimming methods.  
 
• This method would, however, still depend on the accuracy of the subtraction and skimming methods of decontamination 
for the initial estimation to run the regression. In instances where these methods are ineffective and the starting point of 
the regression is far from the true composition, then the optimization process will struggle to find a solution.  
 
• From an engineering point of view this method potentially has a direct value to the decontamination process. The areas of 
petroleum engineering where early and accurate fluid profiles are most necessary are flow assurance and process facility 
design. The subtraction and skimming decontamination methods probably provides sufficient resolution and accuracy of 
composition for these disciplines. Engineers would normally design around a large range of uncertainty to facilitate a wide 
spectrum of fluid properties in order to deal with the naturally changing fluid properties over the life of the field. Better 
resolution of fluid parameters would do little to change this design philosophy. However, the validation of the results from 
subtraction and skimming calculations that this method provides would add confidence and thus value to the engineer.   
 
Suggestions for Further Work. The sensitivity of the optimization process to the initial condition is the single largest 
obstacle in the way of this method bringing value to the engineer. A detailed investigation into the source of regression 
divergence and the mathematical process involved in the algorithms applied is necessary. An investigation could reveal 
possible areas for refinement such as improving the error function or using alternative non-linear regression algorithms. The 
integration of alternative non-linear regression algorithms or more advanced regression software could enhance the systems 
decontamination capability. There are various developed procedures to solve constrained non-linear optimization problems. 
Three are considered most reliable and effective, solving for large numbers of variables. The generalized reduced gradient 
method has been used in this investigation but there remains the successive linear programming and the successive quadratic 
programming methods of optimization. These methods require a thorough understanding of the restraints and mathematics of 
the techniques but these further investigations are an examination of mathematics and programming and not a reservoir 
engineering thesis.     
Speed and efficiency could be dramatically improved with better integration of the regression and EOS software. This 
could be achieved by integration into one of the currently available commercial PVT packages. Regression tools are already 
available in many of these packages but are usually designed to refine the EOS parameters and correlations with measured 
data. This is a straightforward regression process and there is little reason as to why these systems could not be modified for 
complex non-linear problems and multiple sample data inputs. This single step would allow more efficient investigation into 
the possibilities of this theory. 
A further area of investigation once the regression process was refined could be the tuning of the EOS and possible 
enhancement to solution refinement. With the necessary PVT laboratory data EOS tuning would reduce the uncertainty in the 
thermodynamic modeling process. With effective tuning the regression could be extended to deal with a larger range of 
components, possibly up to C25+, or further. 
Finally it must be noted that when using both the subtraction and skimming method mass is removed from the 
contaminated portion of the composition profile. In order to maintain 100% total molar fraction the profile needs to be 
normalized. In doing so mass is added to the lighter components, although this method does not follow any thermodynamic 
laws it may be inadvertently taking into account any lost of the lighter fluids to the liquid phase and in effect any partial 
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miscibility in the system. An interesting investigation would be to compare this phenomenon with the results of the regression 
method and if possible data coming from well test with negligible contamination.   
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APPENDIX A. LITERATURE REVIEW 
SPE: 9995 (1983) 
Overview of Phase Behavior in Oil and Gas Production 
Author: Katz, D.L. 
Contribution to the understanding of decontamination of gas samples: 
1st Published reference to the empirical exponential decay relationship between mole fraction and the 
molecular weight distribution of gas condensates 
Objective of the paper: 
A review of phase behavior in order to predict phase composition of reservoir fluids and their PVT 
properties.  
Methodology used:  
Study of the thermodynamic relationship of components of petroleum fluids and their PVT implications 
with a reference to empirical correlations.   
Conclusion reached: 
The exponential decay method is an effective method for predicting the molar distribution of 
hydrocarbons above C7+ molar weight.  
Comments: 
This paper is not directly useful for the study of the numerical decontamination methods. 
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SPE: 12233 (1983)  
Characterizing Hydrocarbon Plus Fractions 
Author: Whitson, C.H. 
Contribution to the understanding of decontamination of gas samples: 
Developed the three-parameter gamma-distribution to model the reservoir fluid molar profile and 
characterize C7+ components. 
Objective of the paper: 
Develop a method of characterizing the molar distribution and physical properties of petroleum fractions 
using the three-parameter gamma probability function.  
Methodology used:  
A gamma probability function used to describe the molar distribution: 
        
€ 
p x( ) = x −η( )
α−1 exp x −η( ) /β[ ]
βαΓ α( )
                 (4) 
Where;  x = Molecular Weight 
  = Minimum molecular weight expected to occur in the Cn +  
   = functions of molecular weights and mole fractions 
Conclusion reached: 
This probabilistic model function is an effective way of describing the molar fraction distribution of a 
hydrocarbon reservoir fluid.    
Comments: 
This is a more complicated alternative to the exponential decay methodology producing a better fitting 
distribution. However the method of Skimming and Subtracting remain the same and thus do not take into 
account two way mass transfer.    
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SPE: 38852 (1997) 
How to Obtain Reservoir Fluid Properties from an Oil Sample Contaminated with Synthetic Drilling 
Mud. 
Authors: MacMillan, D.J., Ginley, G.M., Dembicki, H.  
Contribution to the understanding of decontamination of gas samples: 
Implementation and validation of Skimming and Subtraction decontamination methods for crude oil 
samples using a gamma distribution under lab conditions.   
Objective of the paper: 
The determination of accurate fluid properties given a sample contaminated with synthetic mud. 
Methodology used:  
Subtraction and Skimming methods of decontamination developed using the exponential decay theory 
(Katz, 1983) with the implementation of a gamma distribution first suggested by (Whitson, 1983) to 
provide a more effective empirical distribution.    
Conclusion reached: 
Accurate predictions of uncontaminated Oil properties can be obtained using the gamma distribution and 
a method of predicting the fluid component molar distribution. However these methods are not effective 
in partial miscibility conditions.  
Comments: 
Paper focuses on Crude Oil samples where miscibility between and vapour liquid Phase is not an issue. 
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SPE: 78130 (2002) 
Predicting Reservoir Fluid Phase and Volumetric Behavior from Samples Contaminated with Oil-Based 
Mud. 
Authors: Gozalpor, F., Danesh, A., Tehrani, D., Todd, A.C., Tohidi, B.  
Contribution to the understanding of decontamination of gas samples: 
Developed the application of two methods of decontamination based on the exponential decay theory and 
verifies the range of efficiency.  
Objective of the paper: 
To investigate the tuning of EOS for uncontaminated sample compositions allowing the determination of 
PVT properties and the effects of different levels of contamination on these properties.  
Methodology used:  
Uses two methods of decontamination based on the exponential decay theory (Katz, 1983). 
The Skimming method, suggested by (MacMillan et al., 1997). 
The Subtraction method, suggested by (MacMillan et al., 1997). 
Conclusion reached: 
1. Two methods developed to estimated original composition from contaminated samples.  
2. The subtraction method is more effective for wide spectrum contamination.   
Comments: 
Both methods are crude, back of the envelope calculations which have been proven in ideal lab 
conditions. These methods are effective for fully miscible fluids (usually oil or rich gas condensate 
reservoirs) but are less effective for partial miscibility where mass transfer is two way.   
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SPE: 94067 (2005) 
Application of Tracers in Oil-Based Drilling Mud for Obtaining High Quality Reservoir Fluid Samples 
Authors: Gozalpor, F., Danesh, A., Todd, A.C., Tohidi, B. 
Contribution to the understanding of decontamination of gas samples: 
Developed a method with two tracers, imbedded into the oil-based mud, to establish the uncontaminated 
fluid composition using mass balance theory.  
Developed method of accurately estimating the molar composition of equilibrium liquid phase from the 
vapour composition using a modified Wilson Plot (Danesh, 1998). 
Objective of the paper: 
To describe a developed tracer-based technique to determine the composition of uncontaminated reservoir 
fluid sample contaminated with partially miscible oil-based mud.  
Methodology used:  
Uses one high volatility and one low volatility trace imbedded into the drilling fluid at a known and 
controlled concentration.  
Mass Balance Equation:  
 
 Where Xmi  = drilling mud prior to contact.  
At I = tracer components Zi = zero, therefore  
Yi can be retrieved from the vapour sample. 
Xi can be retrieved from the liquid sample if available or estimated using modified Wilson plot. 
Lc and Vf are two unknowns which can be evaluated using the equations from each of the two tracers.   
Recombine the measured hydrocarbon compositions of the equilibrium liquid and vapour phases in the 
ratio of calculated phase fraction (Vf). This is the key step which results in a fluid that has taken into 
account fluid mass transfer – miscibility in both phase directions. 
This paper uses the skimming or subtraction method to retrieve the uncontaminated compositions.   
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Conclusion reached: 
This technique could potential retrieve accurate compositions for lean gas and condensate reservoir 
formation samples. Using the sampled vapour phase at reservoir conditions without correcting for the 
components that are lost to the liquid phase will result in the predicted system being significantly 
deficient in intermediate and heavy components.    
Comments: 
Highlights the fact that components of the reservoir fluid will be lost in the drilling fluid and will not be 
visible in the contaminated sample. There may not be any condensate at reservoir conditions but the 
artificial injection of drilling fluid provides a liquid at reservoir conditions for susceptible reservoir fluid 
components to dissolve into.  
This theory is based upon and carried out under lab conditions. No evidence that this will work in real 
conditions has been provided. The biggest problem is the lack of knowledge outside the academic field, 
particularly within the service companies that conduct the PVT analysis.     
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SPE: 124371 (2009) 
Numerical Investigation of Oil-Base-Mud contamination in Condensates: From Cleanup to Sample 
Quality. 
Authors: Malik, M., Dindoruk, B., Elshahawi, H., Torres-Verdin, C. 
Contribution to the understanding of decontamination of gas samples: 
Not directly relevant, but does show the significance of miscibility of the OBM between both the liquid 
and vapour phases of potential reservoir fluid.  
Also suggests that the richness of the gas will affect the level of contamination.  
Objective of the paper: 
Numerically model the clean up process for a formation sample tester. 
Methodology used:  
Formation Testing numerical simulation.  
Conclusion reached: 
Very important to define the primary objectives of the sampling and decide which parameters are most 
important to obtain. This will effect clean up time and the necessity for low contamination levels.  
Comments: 
The investigation highlights that lean gas required significantly more time to clean up than a richer gas or 
gas condensate.  
It also suggests the importance to take note of any dead liquids in the sample. Components of the 
reservoir gas fluid will drop out into the OBM contaminant liquid and then we taken with the gas in the 
sample chamber. (Partial Miscibility!) 
There could be a quality control issue with the method of taking samples back to reservoir conditions. 
Depending on the method used, if assumed a dry/lean gas then any liquid in the sample could be 
mistakenly discarded assuming they were purely OBM 
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APPENDIX B. CRITICAL MILESTONES 
 
Paper Year Title Authors Contribution 
9995 1983 Overview of Phase 
Behavior in Oil and Gas 
Production 
 
Katz, D.L 1st Published reference to the 
exponential decay relationship 
between mole fraction and the 
molecular weight distribution of 
gas condensates 
12233  1983 Characterizing 
Hydrocarbon Plus 
Fractions 
 
Whitson, C.H Develop a method of 
characterizing the molar 
distribution and physical 
properties of petroleum fractions 
using the three-parameter 
gamma probability function 
38852  1997 How to Obtain 
Reservoir Fluid 
Properties from an Oil 
Sample Contaminated 
with Synthetic Drilling 
Mud 
MacMillan, D.J. 
Ginley, G.M. 
Dembicki, H 
Validation of Skimming and 
Subtraction decontamination 
methods of crude oil samples 
using a gamma distribution 
under lab conditions 
78130 2002 Predicting Reservoir 
Fluid Phase and 
Volumetric Behavior 
from Samples 
Contaminated with Oil-
Based Mud. 
 
Gozalpor, F. 
Danesh, A. 
Tehrani, D.  
Todd, A.C. 
Tohidi, B 
Paper uses and verifies 
Skimming and Subtraction 
methods of decontamination for 
various reservoir fluid types 
based on the exponential decay 
theory. 
94067 2005 Application of Tracers 
in Oil-Based Drilling 
Mud for Obtaining High 
Quality Reservoir Fluid 
Samples 
 
Gozalpor. F, 
Danesh. A,  
Todd. A.C. 
Tohidi. B 
Developed a method with two 
tracers, imbedded into the oil-
based mud, to establish the 
uncontaminated fluid 
composition using mass balance 
theory.  
Developed method of accurately 
estimating the molar 
composition of equilibrium 
liquid phase from the vapour 
composition using a modified 
Wilson Plot. 
124371  2009 Numerical Investigation 
of Oil-Base-Mud 
contamination in 
Condensates: From 
Cleanup to Sample 
Quality. 
 
Malik, M. 
Dindoruk, B. 
Elshahawi, H. 
Torres-Verdin, 
C 
Emphasizes the significance of 
miscibility of the OBM between 
both the liquid and vapour 
phases of potential reservoir 
fluid.  
Also suggests that the richness of 
the gas will affect the level of 
contamination. 
 
Table B 1 – Key milestones in the development of decontamination of PVT samples.  
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APPENDIX C. FLUID SAMPLES 
The data used to create the synthetic case came from samples taken from a reservoir in the same vicinity 
as the reservoir Wells N & L are drilled into. The fluid type is of similar composition and the samples 
were taken during a well test to ensure that contamination was negligible. Table C 1 gives details of the 
composition profile and the mix ratios used to create the synthetically contaminated fluid samples. The 
contaminant used in these initial experiments was the Alphatech SBM, as specified in Table C 2.  
    
Composition 
   
Mix Ratio 
   Weight %    Reservoir Fluid  : Mud 
H2  0.000  Sample 1 1 :  0.00654 
H2S  0.000     
CO2  4.201  Sample 2 1 :  0.01035 
N2  11.669     
C1  68.075  Sample 3 1 :  0.01005 
C2  5.987     
C3  3.107  Sample4  1 :  0.00821 
iC4  0.771    
nC4  1.128    
C5  0.007    
iC5  0.512    
nC5  0.438    
C6 Hexane 0.431    
  M-C-Pentane 0.043    
  Benzene 0.008    
  Cyclohenane 0.129    
C7 Heptane 0.312    
  M-C-Hexane 0.426    
  Toluene 0.019    
C8 Octanes 0.723    
  E-Benzene 0.005    
  M/P-Xylene 0.163    
  O-Xylene 0.027    
C9  0.383    
C10  0.274    
C11  0.225    
C12  0.164    
C13  0.179    
C14  0.097    
C15  0.105    
C16  0.113    
C17  0.121    
C18  0.013    
C19  0.013    
C20+   0.131    
 
Table C 1 - Synthetic Fluid Composition and mix reservoir fluid/contamination mix ratio used in creating the 
synthetic contamination scenario. 
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The live fluid samples used in this investigation come from a field development operated by Hess 
Corporation. Two wells were drilled using two different Oil Base Muds. Well N was drilled using the 
narrow spectrum Alphatech while Well L was drilled with the Saraline 185V mud. Table C 2 provides 
details of the compositions.  
  
 
Alphatech SBM 
Contaminant 
Saraline 185V SBM 
Contaminant 
   Average
 1 Average 1 
   Weight % Weight % 
H2  0.000 0.000 
H2S  0.000 0.000 
CO2  0.000 0.000 
N2  0.000 0.000 
C1  0.000 0.000 
C2  0.000 0.000 
C3  0.000 0.000 
iC4  0.000 0.000 
nC4  0.000 0.000 
C5  0.000 0.000 
iC5  0.000 0.001 
nC5  0.000 0.002 
C6 Hexane 0.000 0.012 
  M-C-Pentane 0.000 0.000 
  Benzene 0.010 0.000 
  Cyclohenane 0.000 0.000 
C7 Hepatne 0.000 0.009 
  M-C-Hexane 0.000 0.000 
  Toluene 0.000 0.000 
C8 Octane 0.000 0.034 
  E-Benzene 0.000 0.000 
  M/P-Exylene 0.000 0.000 
  O-Xylene 0.000 0.000 
C9  0.030 0.218 
C10  0.120 0.997 
C11  0.040 3.402 
C12  0.680 9.823 
C13  0.150 11.891 
C14  63.980 14.295 
C15  1.740 10.645 
C16  30.890 11.560 
C17  0.750 10.508 
C18  0.840 11.603 
C19  0.060 8.701 
C20+  0.710 6.299 
 
Table C 2 - Composition of the mud contaminants found in wells N & L. 
 
1 Average measured composition, directly from thress samples taken from each of the mud pits while drilling at depth of 
sampling. Measurements have been taken using flash separation/chromatographic techniques. 
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Well N was sampled using a MDT sampling tool at a depth of 2683 meter (measured depth from rotary 
table). Reservoir conditions were found to be 3907 psia & 74.1 – 74.5 DegC. Table C 3 shows the key 
compositional analysis and calculated data as reported by the 3rd party fluid analysis company.  
  Data from 3rd Party Fluid Analysis Company 
  Sample W Sample X Sample Y Sample Z Average 
  
Analysis 
Comp. 1   
Numerical 
Decon. 2 
Analysis 
Comp. 1   
Numerical 
Decon. 2 
Analysis 
Comp. 1   
Numerical 
Decon. 2 
Analysis 
Comp. 1   
Numerical 
Decon. 2 
Analysis 
Comp. 1  
Numerical 
Decon. 2 
  Weight % Weight % Weight % Weight % Weight % Weight % Weight % Weight % Weight % Weight % 
H2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
H2S 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
CO2 1.110 1.120 1.110 1.110 1.120 1.120 1.110 1.120 1.113 1.118 
N2 2.730 2.750 2.740 2.750 2.740 2.750 2.730 2.730 2.735 2.745 
C1 69.410 69.820 69.770 70.090 70.170 70.330 69.990 70.130 69.835 70.093 
C2 6.970 7.010 7.010 7.040 7.020 7.030 6.990 7.010 6.998 7.023 
C3 5.610 5.650 5.640 5.660 5.690 5.700 5.640 5.650 5.645 5.665 
iC4 1.470 1.480 1.470 1.470 1.350 1.350 1.470 1.480 1.440 1.445 
nC4 2.360 2.370 2.350 2.360 2.330 2.330 2.350 2.360 2.348 2.355 
C5 0.040 0.040 0.040 0.040 0.060 0.060 0.060 0.060 0.050 0.050 
iC5 1.080 1.080 1.100 1.100 1.090 1.090 1.110 1.110 1.095 1.095 
nC5 0.920 0.930 0.930 0.930 0.920 0.920 0.940 0.940 0.928 0.930 
C6 1.150 1.160 1.180 1.180 1.170 1.180 1.200 1.200 1.175 1.180 
  0.370 0.370 0.380 0.380 0.360 0.360 0.370 0.370 0.370 0.370 
  0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
  0.500 0.500 0.500 0.500 0.480 0.480 0.490 0.490 0.493 0.493 
C7 0.700 0.710 0.690 0.690 0.700 0.700 0.710 0.710 0.700 0.703 
  0.960 0.960 0.940 0.950 0.900 0.900 0.920 0.920 0.930 0.933 
  0.050 0.050 0.040 0.040 0.040 0.040 0.050 0.050 0.045 0.045 
C8 0.700 0.710 0.680 0.680 0.640 0.640 0.670 0.670 0.673 0.675 
  0.030 0.030 0.020 0.020 0.020 0.020 0.030 0.030 0.025 0.025 
  0.160 0.160 0.140 0.140 0.130 0.130 0.130 0.130 0.140 0.140 
  0.040 0.040 0.040 0.040 0.030 0.030 0.040 0.040 0.038 0.038 
C9 0.530 0.530 0.500 0.500 0.490 0.490 0.490 0.490 0.503 0.503 
C10 0.450 0.450 0.400 0.400 0.400 0.400 0.400 0.400 0.413 0.413 
C11 0.320 0.320 0.300 0.300 0.310 0.310 0.310 0.310 0.310 0.310 
C12 0.240 0.240 0.230 0.230 0.230 0.230 0.230 0.230 0.233 0.233 
C13 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 
C14 0.560 0.180 0.430 0.180 0.320 0.190 0.310 0.180 0.405 0.183 
C15 0.180 0.170 0.170 0.160 0.170 0.170 0.170 0.160 0.173 0.165 
C16 0.380 0.200 0.290 0.170 0.220 0.160 0.210 0.150 0.275 0.170 
C17 0.130 0.130 0.120 0.110 0.120 0.110 0.110 0.110 0.120 0.115 
C18 0.140 0.130 0.120 0.110 0.110 0.110 0.110 0.110 0.120 0.115 
C19 0.120 0.120 0.090 0.090 0.090 0.090 0.090 0.090 0.098 0.098 
C20+ 0.390 0.390 0.380 0.380 0.380 0.380 0.370 0.370 0.380 0.380 
 
Table C 3 – Table of Well N PVT analysis data as reported to Operator. 
 
1 Measured composition, directly from samples using flash separation/chromatographic techniques. 
2 Decontaminated compositions calculated using the subtraction method, see Appendix E.  
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Well L was sampled using a MDT sampling tool at a depth of 2670 meters (measured depth from rotary 
table). Reservoir conditions were found to be 3910 psia & 73 DegC. Table C 4 shows the key compositional 
analysis and calculated data as reported by the 3rd party fluid analysis company. 
 
  Data from 3rd Party Fluid Analysis Company 
  Sample W Sample X Sample Y Sample Z Average 
  
Analysis 
Comp. 1   
Numerical 
Decon. 2 
Analysis 
Comp. 1   
Numerical 
Decon. 2 
Analysis 
Comp.  1  
Numerical 
Decon. 2 
Analysis 
Comp. 1   
Numerical 
Decon. 2 
Analysis 
Comp.    
Numerical 
Decon.  
  Weight % Weight % Weight % Weight % Weight % Weight % Weight % Weight % Weight % Weight % 
H2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
H2S 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
CO2 0.948 0.958 0.934 0.944 0.925 0.942 0.914 0.929 0.930 0.943 
N2 2.782 2.810 2.804 2.835 2.758 2.809 2.790 2.835 2.784 2.822 
C1 70.915 71.634 70.830 71.620 70.169 71.452 70.238 71.380 70.538 71.522 
C2 6.877 6.946 6.844 6.920 6.753 6.877 6.806 6.917 6.820 6.915 
C3 5.484 5.539 5.455 5.516 5.382 5.481 5.421 5.509 5.436 5.511 
iC4 1.330 1.343 1.331 1.346 1.318 1.342 1.322 1.343 1.325 1.344 
nC4 2.222 2.244 2.216 2.241 2.188 2.228 2.210 2.246 2.209 2.240 
C5 0.021 0.021 0.038 0.038 0.034 0.035 0.030 0.030 0.031 0.031 
iC5 0.955 0.965 0.957 0.968 0.957 0.975 0.939 0.954 0.952 0.966 
nC5 0.799 0.807 0.814 0.823 0.810 0.825 0.794 0.807 0.804 0.816 
C6 0.961 0.971 0.998 1.009 0.982 1.000 0.976 0.992 0.979 0.993 
  0.327 0.330 0.327 0.331 0.330 0.336 0.330 0.335 0.329 0.333 
  0.010 0.010 0.011 0.011 0.008 0.008 0.012 0.012 0.010 0.010 
  0.433 0.437 0.431 0.436 0.443 0.451 0.439 0.446 0.437 0.443 
C7 0.594 0.600 0.588 0.594 0.600 0.611 0.603 0.613 0.596 0.605 
  0.848 0.857 0.846 0.855 0.889 0.905 0.878 0.892 0.865 0.877 
  0.048 0.048 0.047 0.048 0.051 0.052 0.045 0.046 0.048 0.049 
C8 0.598 0.604 0.615 0.621 0.659 0.670 0.647 0.657 0.630 0.638 
  0.021 0.021 0.015 0.015 0.025 0.025 0.018 0.018 0.020 0.020 
  0.146 0.147 0.141 0.143 0.163 0.166 0.155 0.158 0.151 0.154 
  0.035 0.035 0.032 0.032 0.040 0.041 0.039 0.040 0.037 0.037 
C9 0.458 0.460 0.480 0.482 0.530 0.536 0.518 0.523 0.497 0.500 
C10 0.436 0.430 0.419 0.413 0.490 0.481 0.437 0.428 0.446 0.438 
C11 0.358 0.327 0.337 0.303 0.382 0.327 0.358 0.309 0.359 0.317 
C12 0.328 0.232 0.346 0.241 0.388 0.215 0.390 0.237 0.363 0.231 
C13 0.297 0.180 0.288 0.159 0.365 0.154 0.358 0.170 0.327 0.166 
C14 0.308 0.167 0.308 0.152 0.393 0.138 0.393 0.167 0.351 0.156 
C15 0.259 0.154 0.256 0.140 0.331 0.142 0.321 0.153 0.292 0.147 
C16 0.231 0.117 0.239 0.113 0.309 0.103 0.307 0.124 0.272 0.114 
C17 0.202 0.098 0.211 0.096 0.280 0.093 0.278 0.112 0.243 0.100 
C18 0.213 0.098 0.225 0.098 0.302 0.095 0.302 0.118 0.261 0.102 
C19 0.170 0.084 0.179 0.084 0.237 0.082 0.236 0.098 0.206 0.087 
C20+ 0.386 0.326 0.438 0.373 0.509 0.403 0.496 0.402 0.457 0.376 
 
Table C 4 - Table of Well L PVT analysis data as reported to Operator. 
 
1 Measured composition, directly from samples using flash separation/chromatographic techniques. 
2 Decontaminated compositions calculated using the subtraction method, see Appendix E.  
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APPENDIX D. MASS BALANCE THEORY 
 
The first approach to this investigation looked at the possibility of using mass balance theory as the 
foundation of a regression solving the inverse problem. If it were possible to model the transfer of mass 
within the contamination system with a set of equations, then numerical optimization could be used to 
find a solution to the reservoir composition that would result in a given measured contaminated sample.  
To define the process of contamination with a set of equations it was assumed that contamination of the 
reservoir fluid did not occur due to contact between the two fluids in the reservoir but, instead, inside the 
sampling chamber once the sample has been taken. Pure reservoir fluid with residue pure mud is drawn 
into the chamber where it homogenizes at the reservoir pressure and temperature, Figure D 1. Ultimately the 
total mass of both fluids within the chamber is representative of the mass involved in the contamination 
process.  
 
 
 
 
 
 
 
 
 
 
Figure D 1 – Schematic describing the contamination process.  
 
This assumption of mass balance implies that the Total Mass measured within the sampling chamber is 
equal to the total Mud Mass that entered the chamber plus the total Gas Mass that entered the chamber. 
This assumption can be further broken down to define that the Mass Fraction of each component 
measured in the sample will equal the Mass Mud Fraction plus the Mass Gas Fraction of each of the same 
component that entered the sampling chamber, Figure D 2.  
 
 
 
 
 
 
 
 
 
Figure D 2 – Schematic of the mass balance equation for each component found in the contaminated sample.  
 
As the figure shows, three of these variables are known; the weight fraction of each component in the 
contaminant, the total mass of the sample and the weight fraction of each component in the sample have 
all been measured.  This leaves three unknowns; the total mass of gas that entered the sample chamber, 
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the weight fraction of each component that make up the gas composition and the total mass of the 
contaminant that entered the sampling chamber. This equation on its own cannot be solves but with the 
introduction of multiple samples the problem becomes definable. Figure D 3 shows that with three samples 
it is possible to develop a set of equations with constraints that theoretically should be solvable.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure D 3 – Schematic describing the defined set of 9 equations with 9 unknowns. The primary constraint is that the sum of the gas weight 
fractions must equal 100 percent.  
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Once the problem was defined the Excels Solver was used to run a Non-Linear optimization on the 
formula with the following restraints;  
    
 
 
These conditions result in the ‘Total Mass of GAS’ and the ‘GAS Weight Fraction’ of each component 
being the optimization variables. The root mean square of the difference between the two sides of each 
Mass Balance equation was used as the error function for the regression process.  
 
 
 
 
Figure D 4 – Schematic of the error function for each component.   
The optimization program was run using three components from three samples, 9 equations with 9 
unknowns. The first three components with the lightest carbons weights were used for the first 
optimization calculation. Once a regression had run and converged on a value for the total mass of the gas 
and weight fractions for each of the three components, the first component was dropped and the next 
component, in order of carbon weight, was added. The regression was then run again. This process was 
repeated until each component had been used in an optimization three times. The three results for weight 
fraction for each component where then averaged and finally the full range of fractions normalized.   This 
process was run on both the data from well L and N. The optimization on Well L showed positive signs 
of decontaminating the sample data, Figure D 5, suggesting that the level of contamination was less that that 
calculated using the subtraction method. However the data from Well N does not show successful 
decontamination introducing uncertainty into the system, Figure D 6. The results reveal the two primary 
contaminated components, C14 and C16, as significantly deviated from there expected range.     
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Figure D 5 – Graph comparing the results of the mass balance optimization with the results of the decontamination calculation using the 
Subtraction method on the data from Well L. Well L exhibits the wide spectrum contamination.    
 
Figure D 6 – Graph comparing the results of the mass balance optimization with the results of the decontamination calculation using the 
Subtraction method on the data from Well N. Well N exhibits the narrow spectrum contamination. 
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In conclusion of the investigation made with the mass balance theory the following observations have be 
made;  
• The regression does not converge on a feasible solution and this may be due to the problem being 
over constrained.  
• Divergence is caused by the regression finding a local solution outside of the range of the global 
solution. Suggest the possibility of multiple solutions, which would render this method unreliable.  
• The assumptions made in this process may be deemed unrealistic. It is assumed that no 
contamination occurs outside of the sampling chamber and that pure reservoir fluid and pure mud 
enter the chamber. This is not a realistic assumption and if this statement is not true then the mass 
balance equation within the chamber will never hold true and a solution will be possible. It is 
more realistic to assume that reservoir gas is already contaminated outside of the chamber with an 
unknown mass of mud, and then further contamination occurs inside the sampling chamber.   
As a result this theory and method has been abandoned for the more thorough method used in the main 
body of this report.  
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APPENDIX E. SUBTRACTION METHOD 
The method of numerical decontamination, used by the third party fluid analysis company, is based on the 
Subtraction method. Although the company will not divulge the exact process, claiming the procedure is 
proprietary, the decontaminated fluid profiles have been reproduced to crosscheck the reported values. 
The following Subtraction method has been used with a detailed profile calculation in Table E 1.  
• For each component of the contaminated reservoir profile, calculate the mass per one mole of fluid.  
• For each component of the contaminant profile, calculate the mass per one mole of fluid.  
• Multiple the mass per mole of each contaminant component by a ‘factor’ 
• The new decontaminated mass per mole of fluid is calculated by removing these values of each 
component from the respective mass per mole of each component of the reservoir fluid.   
• Calculate the new weight fraction of each component.  
• Change the value of the ‘factor’ until the best possible straight line can be created from C7 onwards. 
The resultant weight fractions are the decontaminated profile, Figure E 1.  
 
 
 
Figure E 1 – Graph of the decontamination process for Well N, sample 1 using the Subtraction method.  
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Average mass 
of fluid per 
mole 
        
(g mol-1) 
20.1 
  
200.5 
    
         
Factor 0.00062       
         
Component Weight Fraction 
Mass Per 
Mole 
Weight 
Fraction 
Mass Per 
Mole 
Decontaminated 
Mass 
Decontaminated 
Weight Fraction 
  Percent (g mol-1) Percent (g mol-1) (g mol-1) Percent 
H2 0.000 0.000 0.000 0.000 0.000 0.000 
H2S 0.000 0.000 0.000 0.000 0.000 0.000 
CO2 1.110 0.223 0.000 0.000 0.223 1.117 
N2 2.730 0.549 0.000 0.000 0.549 2.747 
C1 69.410 13.951 0.000 0.000 13.951 69.842 
C2 6.970 1.401 0.000 0.000 1.401 7.013 
C3 5.610 1.128 0.000 0.000 1.128 5.645 
iC4 1.470 0.295 0.000 0.000 0.295 1.479 
nC4 2.360 0.474 0.000 0.000 0.474 2.375 
C5 0.040 0.008 0.000 0.000 0.008 0.040 
iC5 1.080 0.217 0.000 0.000 0.217 1.087 
nC5 0.920 0.185 0.000 0.000 0.185 0.926 
C6 1.150 0.231 0.000 0.000 0.231 1.157 
  0.370 0.074 0.000 0.000 0.074 0.372 
  0.010 0.002 0.010 0.020 0.002 0.010 
  0.500 0.101 0.000 0.000 0.101 0.503 
C7 0.700 0.141 0.000 0.000 0.141 0.704 
  0.960 0.193 0.000 0.000 0.193 0.966 
  0.050 0.010 0.000 0.000 0.010 0.050 
C8 0.700 0.141 0.000 0.000 0.141 0.704 
  0.030 0.006 0.000 0.000 0.006 0.030 
  0.160 0.032 0.000 0.000 0.032 0.161 
  0.040 0.008 0.000 0.000 0.008 0.040 
C9 0.490 0.098 0.000 0.000 0.098 0.493 
C10 0.040 0.008 0.030 0.060 0.008 0.040 
C11 0.450 0.090 0.120 0.241 0.090 0.452 
C12 0.320 0.064 0.040 0.080 0.064 0.322 
C13 0.240 0.048 0.680 1.363 0.047 0.237 
C14 0.190 0.038 0.150 0.301 0.038 0.190 
C15 0.560 0.113 63.980 128.280 0.033 0.165 
C16 0.180 0.036 1.740 3.489 0.034 0.170 
C17 0.380 0.076 30.890 61.934 0.038 0.190 
C18 0.130 0.026 0.750 1.504 0.025 0.126 
C19 0.140 0.028 0.840 1.684 0.027 0.136 
C20+ 0.120 0.024 0.060 0.120 0.024 0.120 
H2 0.390 0.078 0.710 1.424 0.078 0.388 
  100 20.100 100.000 200.500 19.976 100.000 
       
Reported Contamination as Weight Percent of Whole Fluid.  0.60% 
Reporduced Contamination as Weight Percent of Whole Fluid 0.62% 
 
Table E 1 – Decontamination Process for Well N, sample 1. 
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APPENDIX F. COMPUTER PROGRAMS 
In order to run a regression using Microsoft’s Excel Solver the excel file had to be connected with an 
independent PVT analysis software. During the course of this study Visual Basic (VBA) code was written 
to link Excel to both Schlumberger’s PVTi and Petroleum Expert’s PVTp. Code was written to 
numerically mix compositions, collate date, send to the PVT Analysis software, command the software to 
run a flash calculation and finally collect the output data. 
Programming for Schlumberger PVTi. The first step was to create a PVTi run file template defining 
component parameters, interaction coefficients, contaminant fluid profile, mixing process and flash 
parameters. The file was then split into three separate text files such that the variable data could be 
inputted as Figure F 1.   
 
  
 
Figure F 1 - Schematic of the structure of the PVTi run file composition. 
VBA code was then used to define an Excel function that would paste the three files with the inputted 
data together to create a new run file for each change in variables. A batch file was created to run a 
command to open PVTi, run the new program and close PVTi. The program was written to automatically 
run the batch file as soon at the run file had been written. Figure F 2 demonstrates the basic procedure for 
the program. 
PART1.pvi 
PART2.pvi 
PART3.pvi 
Input Reservoir Fluid 
Profile  
Input Mix Ratio 
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Figure F 2 – Flow diagram showing the process of integration of Excel and PVTi in order to run a fluid simulation with 
data input and output source via excel.  
.  
Open batch 
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Define Function 
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Programming for Petroleum Experts PVTp. PVTp runs on an open server system allowing cells in 
PVTi to be directly called up from Excel via specific VBA commands. The program uses a much simpler 
set of commands and responses as defined in Figure F 3.  
 
 
 
Figure F 3 – Flow diagram showing the process of integration of Excel 
and PVTp in order to run a fluid simulation with data input and output 
source via Excel. 
For both programs the Excel spreadsheet holds the input variables, with an independent VBA defined 
function for each sample. As the regression runs and the each of the component fractions and mix ratios 
for each sample change the function variables change triggering the simulation to run. The output results 
from each simulation then trigger the next iteration in the regression.   
 
 
 
 
 
Numerically mix Reservoir Gas 
and contaminant compositions 
Input Mixed Composition 
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Run Flash 
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APPENDIX G. COMPONENT DATA 
The following component properties have been used by the 3rd Party in the measured compositional 
analysis, Table G 1. These same values have been used in the PVT software to simulate the 
thermodynamic properties of the fluid compositions.  
The data come from the following sources;  
1. ASTM Data Series Publication DS 4B (1991) - Physical Constants of Hydrocarbon and Non-
Hydrocarbon Compounds. 
2. GPA Table of Physical Constants of Paraffin Hydrocarbons and Other Components of                           
Natural Gas. GPA 2145-96. 
3. Journal of Petroleum Technology, Nov 1978, Pages 1649-1655. Predicting Phase Behavior of 
Condensate/Crude Oil Systems Using Methane Interaction. Coefficients - D.L. Katz & A. 
Firoozabadi.   
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  Component   Mole Weight Density 
   (g mol-1) (g cm-3 at 60°F) 
H2 Hydrogen 1  2.016 N/A 
H2S Hyd. sulphide 2  34.080 0.8006  
CO2 Carbon Dioxide 2  44.010 0.8172  
N2 Nitrogen 2  28.013 0.8086  
C1 Methane 2  16.043 0.2997  
C2 Ethane 2  30.070 0.3558  
C3 Propane 2  44.097 0.5065  
iC4 i-Butane 2  58.123 0.5623  
nC4 n-Butane 2  58.123 0.5834  
C5 Neo-Pentane 1  72.150 0.5968  
iC5 i-Pentane 2  72.150 0.6238  
nC5 n-Pentane 2  72.150 0.6305  
C6 Hexanes 2  86.177 0.6634  
 C6H12 Me-cyclo-pentane 1 84.16 0.7533  
C6H6 Benzene 1 78.11 0.8820  
 C6H12 Cyclo-hexane 1 84.16 0.7827  
C7H16 Heptanes 2 100.204 0.6874  
C7H14 Me-cyclo-hexane 1 98.19 0.7740  
C7H8 Toluene 1 92.14 0.8734  
C8 Octanes 2 114.231 0.7061  
 eC8H10 Ethyl-benzene 1 106.17 0.8735  
mC8H10 Meta/Para-xylene 1 106.17 0.8671  
 oC8H10 Ortho-xylene 1 106.17 0.8840  
C9 Nonanes 2 128.258 0.7212  
 C9H12 1-2-4-T-M-benzene 1 120.19 0.8797  
C10 Decanes 2 142.285 0.7334  
C11 Undecanes 3  147  0.789  
C12 Dodecanes 3  161  0.800  
C13 Tridecanes 3  175  0.811  
C14 Tetradecanes 3  190  0.822  
C15 Pentadecanes 3  206  0.832  
C16 Hexadecanes 3  222  0.839  
C17 Heptadecanes 3  237  0.847  
C18 Octadecanes 3  251  0.852  
C19 Nonadecanes 3  263  0.857  
C20 Eicosanes 3  275  0.862  
C21 Heneicosanes 3  291 0.867 
C22 Docosanes 3  305 0.872 
C23 Tricosanes 3  318 0.877 
C24 Tetracosanes 3  331 0.881 
C25 Pentacosanes 3  345 0.885 
C26 Hexacosanes 3  359 0.889 
C27 Heptacosanes 3  374 0.893 
C28 Octacosanes 3  388 0.896 
C29 Nonacosanes 3  402 0.899 
C30 Triacontanes 3  416 0.902 
C31 Hentriacontanes 3  430 0.906 
C32 Dotriacontanes 3  444 0.909 
C33 Tritriacontanes 3  458 0.912 
C34 Tetratriacontanes 3  472 0.914 
C35 Pentatriacontanes 3  486 0.917 
Table G 1 - Key component data used in the compositional analysis.  
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APPENDIX H. RESULTS  
  
Synthetic Data. Here are presented the results from the set of optimizations run on the samples data 
synthetically contaminated with mud. These results are free from inaccuracy due to sampling or analysis 
error or EOS parameter incompatibility and consistency. Table H 1 provides a summary of results for the 
resultant absolute errors between true values and those values converged on by the regression process.   
 
Table H 1 - Summary of results from the 7 regressions run with the synthetic data. Table shows the degree of error between the 
results of the regression and the true values of those variables. 
 
 
Figure H 1 - Graph of regression starting points from C8 to C20+ for experiments A to E in comparison with the true uncontaminated composition 
and the contaminated composition.  
 
Experiment 
Composition Starting 
Point from Known True 
Profile 
Resultant Composition 
Weight % Total 
Absolute Error 
Mix Ratio 
Starting 
Point 
Resultant Mix 
Ratio Total 
Absolute Error 
Error within 
Contaminated 
Range C10 to C20+ 
          
A 
Alternating multiples of 1.5 
and 0.9 from C02 to C19  
0.134 0.005 0.0002 0.031 
A2 
Alternating multiples of 1.5 
and 0.9 from C02 to C19  
0.453 0.02 0.00093 0.177 
A3 
Alternating multiples of 1.5 
and 0.9 from C02 to C19  
1.274 0.002 0.00135 0.257 
B  X 2 from C8 to C19. Whole 
profile normalized.  
0.972 0.005 0.00503 0.424 
C X 0.5 from C8to C19. Whole 
profile normalized.  
0.796 0.005 0.00915 0.27 
D X 1.7 from C8 to C19. 
Whole profile normalized.  
0.478 0.005 0.00025 0.228 
E Skimmed Composition 0.414 0.005 0.0008 0.122 
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Figure H 1 describes the starting profiles for each of the optimization experiments, while Figure H 2 to Figure H 22 
and Table H 2 to Table H 15 detail the full set of results from the synthetic data.    
 
Component 
Synthetic 
Reservoir 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment 
A Result 
Absolute 
Error 
   Weight % Weight % Weight % Weight %   
CO2  4.202 3.946 2.915 4.210 0.008 
N2  11.670 10.961 13.945 11.643 0.027 
C1  68.079 63.937 47.236 68.094 0.015 
C2  5.987 5.622 7.154 6.006 0.019 
C3  3.107 2.916 2.156 3.105 0.002 
iC4  0.772 0.724 0.922 0.768 0.003 
nC4  1.128 1.058 0.782 1.123 0.004 
C5  0.007 0.007 0.009 0.011 0.003 
iC5  0.512 0.480 0.355 0.511 0.001 
nC5  0.438 0.411 0.524 0.439 0.001 
C6 Hexane 0.431 0.403 0.299 0.430 0.001 
  M-C-Pentane 0.043 0.040 0.051 0.046 0.003 
  Benzene 0.008 0.005 0.006 0.007 0.001 
  Cyclohenane 0.129 0.120 0.154 0.126 0.002 
C7 Heptane 0.312 0.291 0.217 0.310 0.002 
  M-C-Hexane 0.426 0.397 0.509 0.425 0.001 
  Toluene 0.019 0.012 0.013 0.017 0.002 
C8 Octanes 0.723 0.672 0.864 0.720 0.004 
  E-Benzene 0.005 0.003 0.004 0.005 0.000 
  M/P-Xylene 0.163 0.112 0.194 0.163 0.001 
  O-Xylene 0.027 0.013 0.019 0.024 0.003 
C9  0.383 0.356 0.458 0.384 0.001 
C10  0.274 0.260 0.190 0.273 0.001 
C11  0.225 0.205 0.269 0.225 0.000 
C12  0.164 0.197 0.114 0.165 0.001 
C13  0.179 0.161 0.214 0.180 0.002 
C14  0.097 4.499 0.067 0.099 0.002 
C15  0.105 0.183 0.126 0.110 0.005 
C16  0.113 1.744 0.079 0.104 0.010 
C17  0.121 0.102 0.145 0.119 0.002 
C18  0.013 0.039 0.009 0.012 0.001 
C19  0.013 0.007 0.016 0.020 0.007 
C20+  0.125 0.121 19.986 0.125 0.000 
    100.000 100.000 100.000 100.000 0.134 
 
Table H 2 - Summary of Results for Synthetic Experiment A 
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Figure H 2 - Results of Regression Experiment A, CO2 to C20+ 
 
 
 
Figure H 3 - Results of Regression Experiment A, C8 to C20+ 
 
 
 
 
 
 
 
 
 
Figure H 4 - Results of Regression Experiment A, CO2 to C2 
 
 
 
MIX Ratio 
Sample Real Value Start Result 
Absolute 
Error 
W 0.00654 0.005 0.00649 -0.00005 
X 0.01035 0.005 0.01037 0.00002 
Y 0.01005 0.005 0.01010 0.00005 
Z 0.00821 0.005 0.00829 0.00008 
 
Table H 3 – Results of Regression Experiment A. The ratio 
between the reservoir gas and SBM contaminant as four 
independent regression variables, one for each of the samples
Component 
Synthetic 
Reservoir 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment 
B Result 
Absolute 
Error 
   Weight % Weight % Weight % Weight %   
CO2  4.202 3.946 3.266 4.182 0.020 
N2  11.670 10.961 9.073 11.616 0.054 
C1  68.079 63.937 52.926 67.717 0.362 
C2  5.987 5.622 4.655 5.963 0.024 
C3  3.107 2.916 2.415 3.093 0.014 
iC4  0.772 0.724 0.600 0.769 0.003 
nC4  1.128 1.058 0.877 1.123 0.005 
C5  0.007 0.007 0.006 0.007 0.000 
iC5  0.512 0.480 0.398 0.510 0.002 
nC5  0.438 0.411 0.341 0.437 0.002 
C6 Hexane 0.431 0.403 0.335 0.430 0.001 
  M-C-Pentane 0.043 0.040 0.033 0.043 0.000 
  Benzene 0.008 0.005 0.006 0.009 0.001 
  Cyclohenane 0.129 0.120 0.100 0.129 0.000 
C7 Heptane 0.312 0.291 0.243 0.312 0.000 
  M-C-Hexane 0.426 0.397 0.331 0.426 0.000 
  Toluene 0.019 0.012 0.015 0.021 0.002 
C8 Octanes 0.723 0.672 1.147 0.723 0.000 
  E-Benzene 0.005 0.003 0.009 0.010 0.005 
  M/P-Xylene 0.163 0.112 0.258 0.197 0.034 
  O-Xylene 0.027 0.013 0.043 0.046 0.019 
C9  0.383 0.356 0.607 0.384 0.002 
C10  0.274 0.260 0.434 0.276 0.003 
C11  0.225 0.205 0.357 0.229 0.004 
C12  0.164 0.197 0.261 0.165 0.001 
C13  0.179 0.161 0.283 0.192 0.014 
C14  0.097 4.499 0.154 0.163 0.066 
C15  0.105 0.183 0.167 0.131 0.025 
C16  0.113 1.744 0.180 0.318 0.205 
C17  0.121 0.102 0.192 0.163 0.042 
C18  0.013 0.039 0.020 0.029 0.016 
C19  0.013 0.007 0.021 0.027 0.013 
C20+  0.125 0.121 20.247 0.161 0.035 
    100.000 100.000 100.000 100.000 0.972 
Table H 4 - Summary of Results for Synthetic Experiment B. 
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Figure H 5 - Results of Regression Experiment B, CO2 to C20+ 
 
 
 
Figure H 6 - Results of Regression Experiment B, C8 to C20+ 
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Figure H 7 - Results of Regression Experiment B, CO2 to C2 
 
 
 
 
MIX Ratio 
Sample Real Value Start Result 
Absolute 
Error 
W 0.00654 0.005 0.00701 0.00047 
X 0.01035 0.005 0.01149 0.00114 
Y 0.01005 0.005 0.01091 0.00086 
Z 0.00821 0.005 0.01077 0.00256 
 
Table H 5 - Results of Regression Experiment B. The ratio between 
the reservoir gas and SBM contaminant as four independent 
regression variables, one for each of the samples 
Component Synthetic 
Reservoir 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment 
C Result 
Absolute 
Error 
   Weight % Weight % Weight % Weight %   
CO2  4.202 3.946 3.146 4.234 0.032 
N2  11.670 10.961 8.737 11.742 0.072 
C1  68.079 63.937 50.970 68.287 0.208 
C2  5.987 5.622 4.483 6.072 0.085 
C3  3.107 2.916 2.326 3.105 0.002 
iC4  0.772 0.724 0.578 0.759 0.013 
nC4  1.128 1.058 0.844 1.116 0.012 
C5  0.007 0.007 0.006 0.007 0.000 
iC5  0.512 0.480 0.383 0.512 0.000 
nC5  0.438 0.411 0.328 0.434 0.005 
C6 Hexane 0.431 0.403 0.323 0.420 0.011 
  M-C-Pentane 0.043 0.040 0.032 0.044 0.001 
  Benzene 0.008 0.005 0.006 0.007 0.001 
  Cyclohenane 0.129 0.120 0.097 0.123 0.006 
C7 Heptane 0.312 0.291 0.234 0.306 0.006 
  M-C-Hexane 0.426 0.397 0.319 0.410 0.016 
  Toluene 0.019 0.012 0.014 0.014 0.004 
C8 Octanes 0.723 0.672 0.276 0.719 0.004 
  E-Benzene 0.005 0.003 0.002 0.003 0.003 
  M/P-Xylene 0.163 0.112 0.062 0.143 0.019 
  O-Xylene 0.027 0.013 0.010 0.016 0.011 
C9  0.383 0.356 0.146 0.369 0.014 
C10  0.274 0.260 0.105 0.272 0.001 
C11  0.225 0.205 0.086 0.218 0.007 
C12  0.164 0.197 0.063 0.135 0.029 
C13  0.179 0.161 0.068 0.177 0.002 
C14  0.097 4.499 0.037 0.044 0.053 
C15  0.105 0.183 0.040 0.061 0.044 
C16  0.113 1.744 0.043 0.054 0.060 
C17  0.121 0.102 0.046 0.076 0.045 
C18  0.013 0.039 0.005 0.006 0.007 
C19  0.013 0.007 0.005 0.007 0.006 
C20+  0.125 0.121 26.180 0.110 0.016 
    100.000 100.000 100.000 100.000  0.796 
 
Table H 6 - Summary of Results for Synthetic Experiment C 
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Figure H 8 - Results of Regression Experiment C, CO2 to C20+ 
 
 
Figure H 9 - Results of Regression Experiment C, C8 to C20+ 
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Figure H 10 - Results of Regression Experiment C, CO2 to C2 
 
 
 
 
MIX Ratio 
Sample Real Value Start Result 
Absolute 
Error 
W 0.00654 0.005 0.00618 -0.00036 
X 0.01035 0.005 0.00981 -0.00054 
Y 0.01005 0.005 0.01009 0.00004 
Z 0.00821 0.005 0.00000 -0.00821 
 
Table H 7 - Results of Regression Experiment C. The ratio between 
the reservoir gas and SBM contaminant as four independent 
regression variables, one for each of the samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table H 8 – Summary of Results for Synthetic Experiment D 
Component 
Synthetic 
Reservoir 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment 
A Result 
Absolute 
Error 
   Weight % Weight % Weight % Weight %   
CO2  4.202 3.946 3.242 4.181 0.021 
N2  11.670 10.961 9.003 11.660 0.010 
C1  68.079 63.937 52.523 67.936 0.143 
C2  5.987 5.622 4.619 5.978 0.009 
C3  3.107 2.916 2.397 3.084 0.023 
iC4  0.772 0.724 0.595 0.770 0.001 
nC4  1.128 1.058 0.870 1.116 0.012 
C5  0.007 0.007 0.006 0.007 0.000 
iC5  0.512 0.480 0.395 0.518 0.006 
nC5  0.438 0.411 0.338 0.437 0.001 
C6 Hexane 0.431 0.403 0.333 0.431 0.000 
  M-C-Pentane 0.043 0.040 0.033 0.043 0.000 
  Benzene 0.008 0.005 0.006 0.007 0.001 
  Cyclohenane 0.129 0.120 0.099 0.131 0.002 
C7 Heptane 0.312 0.291 0.241 0.318 0.006 
  M-C-Hexane 0.426 0.397 0.328 0.424 0.002 
  Toluene 0.019 0.012 0.015 0.019 0.000 
C8 Octanes 0.723 0.672 0.968 0.722 0.002 
  E-Benzene 0.005 0.003 0.007 0.008 0.002 
  M/P-Xylene 0.163 0.112 0.218 0.161 0.002 
  O-Xylene 0.027 0.013 0.036 0.033 0.006 
C9  0.383 0.356 0.512 0.381 0.002 
C10  0.274 0.260 0.366 0.263 0.011 
C11  0.225 0.205 0.301 0.230 0.005 
C12  0.164 0.197 0.220 0.167 0.002 
C13  0.179 0.161 0.239 0.182 0.004 
C14  0.097 4.499 0.130 0.163 0.066 
C15  0.105 0.183 0.141 0.123 0.018 
C16  0.113 1.744 0.152 0.208 0.095 
C17  0.121 0.102 0.162 0.131 0.010 
C18  0.013 0.039 0.017 0.020 0.007 
C19  0.013 0.007 0.018 0.020 0.007 
C20+  0.125 0.121 21.469 0.129 0.003 
    100.000 100.000 100.000 100.000 0.478 
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Figure H 11 - Results of Regression Experiment D, CO2 to C20+ 
 
 
Figure H 12 - Results of Regression Experiment D, C8 to C20+ 
 
 
 
 
58                Numerical Decontamination of Gas PVT Samples, Contaminated with Oil Based Mud 
 
Figure H 13 - Results of Regression Experiment D, CO2 to C2 
 
MIX Ratio 
Sample Real Value Start Result 
Absolute 
Error 
W 0.00654 0.005 0.00654 0.00000 
X 0.01035 0.005 0.01050 0.00015 
Y 0.01005 0.005 0.01014 0.00009 
Z 0.00821 0.005 0.00820 -0.00001 
 
Table H 9 - Results of Regression Experiment D. The ratio between the 
reservoir gas and SBM contaminant as four independent regression 
variables, one for each of the samples. 
 
 
Component 
Synthetic 
Reservoir 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment 
A Result 
Absolute 
Error 
   Weight % Weight % Weight % Weight %   
CO2  4.202 3.946 4.222 4.215 0.014 
N2  11.670 10.961 11.572 11.688 0.018 
C1  68.079 63.937 68.362 68.157 0.078 
C2  5.987 5.622 6.015 6.034 0.047 
C3  3.107 2.916 3.119 3.081 0.026 
iC4  0.772 0.724 0.774 0.761 0.010 
nC4  1.128 1.058 1.131 1.112 0.015 
C5  0.007 0.007 0.007 0.006 0.001 
iC5  0.512 0.480 0.513 0.505 0.007 
nC5  0.438 0.411 0.439 0.427 0.012 
C6 Hexane 0.431 0.403 0.430 0.425 0.006 
  
M-C-
Pentane 0.043 0.040 0.043 0.038 0.005 
  Benzene 0.008 0.005 0.003 0.008 0.000 
  Cyclohenane 0.129 0.120 0.127 0.129 0.000 
C7 Heptane 0.312 0.291 0.310 0.310 0.002 
  M-C-Hexane 0.426 0.397 0.421 0.421 0.005 
  Toluene 0.019 0.012 0.009 0.014 0.005 
C8 Octanes 0.723 0.672 0.712 0.716 0.007 
  E-Benzene 0.005 0.003 0.003 0.003 0.002 
  M/P-Xylene 0.163 0.112 0.093 0.174 0.011 
  O-Xylene 0.027 0.013 0.009 0.013 0.015 
C9  0.383 0.356 0.375 0.388 0.005 
C10  0.274 0.260 0.271 0.278 0.004 
C11  0.225 0.205 0.210 0.233 0.008 
C12  0.164 0.197 0.197 0.156 0.008 
C13  0.179 0.161 0.135 0.183 0.004 
C14  0.097 4.499 0.098 0.107 0.010 
C15  0.105 0.183 0.085 0.090 0.015 
C16  0.113 1.744 0.069 0.102 0.011 
C17  0.121 0.102 0.047 0.075 0.046 
C18  0.013 0.039 0.034 0.021 0.008 
C19  0.013 0.007 0.009 0.009 0.004 
C20+  0.125 0.121 0.157 0.121 0.004 
    100.000 100.000 100.000 100.000 0.414 
 
Table H 10 - Summary of Results for Synthetic Experiment E 
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Figure H 14 - Results of Regression Experiment E, CO2 to C20+ 
 
 
 
Figure H 15 - Results of Regression Experiment E, C8 to C20+ 
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Figure H 16 - Results of Regression Experiment E, CO2 to C2 
 
 
 
MIX Ratio   
Sample Real Value Start Result 
Absolute 
Error 
W 0.00654 0.005 0.00622 -0.00032 
X 0.01035 0.005 0.01030 -0.00005 
Y 0.01005 0.005 0.00999 -0.00006 
Z 0.00821 0.005 0.00784 -0.00037 
 
Table H 11 - Results of Regression Experiment E. The ratio between 
the reservoir gas and SBM contaminant as four independent 
regression variables, one for each of the samples. 
 
Component 
Synthetic 
Reservoir 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment 
A2 Result 
Absolute 
Error 
   Weight % Weight % Weight % Weight %   
CO2  4.202 3.946 2.915 4.195 0.006 
N2  11.670 10.961 13.945 11.662 0.008 
C1  68.079 63.937 47.236 67.887 0.192 
C2  5.987 5.622 7.154 5.992 0.005 
C3  3.107 2.916 2.156 3.123 0.016 
iC4  0.772 0.724 0.922 0.764 0.007 
nC4  1.128 1.058 0.782 1.125 0.002 
C5  0.007 0.007 0.009 0.012 0.005 
iC5  0.512 0.480 0.355 0.510 0.002 
nC5  0.438 0.411 0.524 0.442 0.004 
C6 Hexane 0.431 0.403 0.299 0.433 0.002 
  M-C-Pentane 0.043 0.040 0.051 0.046 0.003 
  Benzene 0.008 0.005 0.006 0.008 0.000 
  Cyclohenane 0.129 0.120 0.154 0.132 0.004 
C7 Heptane 0.312 0.291 0.217 0.310 0.002 
  M-C-Hexane 0.426 0.397 0.509 0.422 0.003 
  Toluene 0.019 0.012 0.013 0.020 0.001 
C8 Octanes 0.723 0.672 0.864 0.725 0.001 
  E-Benzene 0.005 0.003 0.004 0.006 0.001 
  M/P-Xylene 0.163 0.112 0.194 0.172 0.010 
  O-Xylene 0.027 0.013 0.019 0.025 0.002 
C9  0.383 0.356 0.458 0.382 0.001 
C10  0.274 0.260 0.190 0.273 0.000 
C11  0.225 0.205 0.269 0.231 0.006 
C12  0.164 0.197 0.114 0.167 0.003 
C13  0.179 0.161 0.214 0.184 0.006 
C14  0.097 4.499 0.067 0.137 0.040 
C15  0.105 0.183 0.126 0.112 0.007 
C16  0.113 1.744 0.079 0.188 0.075 
C17  0.121 0.102 0.145 0.143 0.022 
C18  0.013 0.039 0.009 0.014 0.001 
C19  0.013 0.007 0.016 0.020 0.007 
C20+  0.125 0.121 19.986 0.135 0.010 
    100.000 100.000 100.000 100.000 0.453 
Table H 12 - Summary of Results for Synthetic Experiment A2 
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Figure H 17 - Results of Regression Experiment A2, CO2 to C20+ 
 
 
Figure H 18 - Results of Regression Experiment A2, C8 to C20+ 
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Figure H 19 - Results of Regression Experiment A2, CO2 to C2 
 
 
MIX Ratio 
Sample Real Value Start Result 
Absolute 
Error 
W 0.00654 0.02 0.00673 0.00019 
X 0.01035 0.02 0.01061 0.00026 
Y 0.01005 0.02 0.01029 0.00024 
Z 0.00821 0.02 0.00845 0.00024 
 
Table H 13 - Results of Regression Experiment A2. The ratio between 
the reservoir gas and SBM contaminant as four independent regression 
variables, one for each of the samples.
 
Component 
Synthetic 
Reservoir 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment 
A Result 
Absolute 
Error 
   Weight % Weight % Weight % Weight %   
CO2  4.202 3.946 2.915 4.197 0.005 
N2  11.670 10.961 13.945 11.786 0.116 
C1  68.079 63.937 47.236 67.608 0.471 
C2  5.987 5.622 7.154 5.963 0.024 
C3  3.107 2.916 2.156 3.259 0.152 
iC4  0.772 0.724 0.922 0.776 0.005 
nC4  1.128 1.058 0.782 1.182 0.055 
C5  0.007 0.007 0.009 0.010 0.003 
iC5  0.512 0.480 0.355 0.544 0.032 
nC5  0.438 0.411 0.524 0.463 0.024 
C6 Hexane 0.431 0.403 0.299 0.413 0.018 
  M-C-Pentane 0.043 0.040 0.051 0.060 0.017 
  Benzene 0.008 0.005 0.006 0.007 0.001 
  Cyclohenane 0.129 0.120 0.154 0.160 0.031 
C7 Heptane 0.312 0.291 0.217 0.297 0.015 
  M-C-Hexane 0.426 0.397 0.509 0.419 0.007 
  Toluene 0.019 0.012 0.013 0.016 0.003 
C8 Octanes 0.723 0.672 0.864 0.713 0.010 
  E-Benzene 0.005 0.003 0.004 0.005 0.000 
  M/P-Xylene 0.163 0.112 0.194 0.185 0.022 
  O-Xylene 0.027 0.013 0.019 0.020 0.007 
C9  0.383 0.356 0.458 0.381 0.002 
C10  0.274 0.260 0.190 0.292 0.018 
C11  0.225 0.205 0.269 0.254 0.029 
C12  0.164 0.197 0.114 0.174 0.010 
C13  0.179 0.161 0.214 0.198 0.020 
C14  0.097 4.499 0.067 0.158 0.061 
C15  0.105 0.183 0.126 0.135 0.030 
C16  0.113 1.744 0.079 0.044 0.070 
C17  0.121 0.102 0.145 0.128 0.007 
C18  0.013 0.039 0.009 0.012 0.001 
C19  0.013 0.007 0.016 0.020 0.007 
C20+  0.125 0.121 19.986 0.121 0.004 
    100.000 100.000 100.000 100.000 1.274 
 
Table H 14 - Summary of Results for Synthetic Experiment A3 
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Figure H 20  - Results of Regression Experiment A3, CO2 to C20+ 
 
 
Figure H 21 - Results of Regression Experiment A3, C8 to C20+ 
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Figure H 22 - Results of Regression Experiment A3, CO2 to 
C2 
 
 
 
 
 
MIX Ratio 
Sample Real Value Start Result 
Absolute 
Error 
W 0.00654 0.002 0.00650 -0.00004 
X 0.01035 0.002 0.00961 -0.00074 
Y 0.01005 0.002 0.00963 -0.00042 
Z 0.00821 0.002 0.00806 -0.00015 
 
Table H 15 - Results of Regression Experiment A3. The ratio between 
the reservoir gas and SBM contaminant as four independent regression 
variables, one for each of the samples. 
 
 
Live Data. The following data shows the results of the Optimization process on the live data from Wells 
L & N. The first set of results are from the optimizations run from the starting points calculated using the 
same calculation as experiments A but on the data derived from the subtraction decontamination.  Table H 
16 and Table H 17 detail the input and output raw data for wells N and L respectively while Figure H 23 to Figure 
H 26 provide graphical details of the results. The two data sets are from the same reservoir and 
theoretically originate from the same pure reservoir fluid. Figure H 27 compares the two results and details 
the differences between them. Ultimately the fluid is described by a phase envelope, which is used to 
estimate the saturation pressure. Figure H 28 provides a graphical comparison of the phase envelopes that 
results from the decontaminated data from the two wells with Table H 18 providing the exact Saturation 
pressure.  
The second sets of results are from the optimizations run directly from the subtraction decontamination 
results. Table H 19 and Table H 20 details the raw input and output data while Figure H 29 to Figure H 32 provide a 
graphical representation of this data. Figure H 33 compares the results from Wells N and L with the 
decontamination results from the subtraction method. Finally Figure H 34 compares the phase envelopes 
derived from the results using the optimization decontamination method between the two starting points.  
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Component 
Decontaminated 
Composition - 
Subtraction 
Method 
Contaminant 
SBM 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment A 
Result 
   Weight % Weight % Weight % Weight % Weight % 
CO2  1.118  1.113 0.933 1.116 
N2  2.745  2.735 3.852 2.744 
C1  70.093  69.835 57.750 70.073 
C2  7.023  6.998 9.850 7.023 
C3  5.665  5.645 4.719 5.665 
iC4  1.445  1.440 2.034 1.445 
nC4  2.355  2.348 1.966 2.354 
C5  0.050  0.050 0.076 0.053 
iC5  1.095  1.095 0.911 1.098 
nC5  0.930  0.928 1.319 0.930 
C6 Hexane 1.180  1.175 0.981 1.180 
  M-C-Pentane 0.370  0.370 0.533 0.372 
  Benzene 0.009 0.010 0.010 0.010 0.012 
  Cyclohenane 0.493  0.493 0.695 0.494 
C7 Heptane 0.703  0.700 0.586 0.702 
  M-C-Hexane 0.933  0.930 1.311 0.934 
  Toluene 0.050  0.045 0.038 0.047 
C8 Octanes 0.679  0.673 0.944 0.676 
  E-Benzene 0.030  0.025 0.022 0.026 
  M/P-Xylene 0.150  0.140 0.205 0.140 
  O-Xylene 0.040  0.038 0.044 0.041 
C9  0.503 0.030 0.503 0.725 0.504 
C10  0.413 0.120 0.413 0.336 0.413 
C11  0.310 0.040 0.310 0.414 0.311 
C12  0.233 0.680 0.233 0.202 0.230 
C13  0.190 0.150 0.190 0.246 0.190 
C14  0.183 63.980 0.405 0.159 0.184 
C15  0.165 1.740 0.173 0.290 0.167 
C16  0.170 30.890 0.275 0.116 0.164 
C17  0.115 0.750 0.120 0.167 0.118 
C18  0.115 0.840 0.120 0.105 0.119 
C19  0.098 0.060 0.098 0.185 0.096 
C20+  0.380 0.710 0.380 8.279 0.379 
    100.000 100.000 100.000 100.000 100.000 
 
Table H 16 - Summary of Results for Experiment on Well N data starting point A 
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Figure H 23 - Results of Regression Experiment Well N, starting point A, CO2 to C20+ 
 
 
Figure H 24 - Results of Regression Experiment on Well N data, starting point A, C8 to C20+ 
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Component 
Decontaminated 
Composition - 
Subtraction 
Method 
Contaminant 
SBM 
Composition 
Average 
Contaminated 
Composition 
Regression 
Start Point 
Experiment A 
Result 
   Weight % Weight % Weight % Weight % Weight % 
CO2  0.944  0.930 0.481 0.943 
N2  2.824  2.784 2.479 2.820 
C1  71.565  70.538 36.476 71.466 
C2  6.919  6.820 6.074 6.915 
C3  5.514  5.436 2.811 5.511 
iC4  1.345  1.325 1.180 1.347 
nC4  2.242  2.209 1.143 2.237 
C5  0.030  0.031 0.027 0.033 
iC5  0.967 0.001 0.952 0.493 0.966 
nC5  0.815 0.002 0.804 0.716 0.815 
C6 Hexane 0.994 0.012 0.979 0.506 0.986 
  M-C-Pentane 0.334  0.329 0.293 0.338 
  Benzene 0.011  0.010 0.006 0.010 
  Cyclohenane 0.443  0.437 0.389 0.443 
C7 Heptane 0.606 0.009 0.596 0.309 0.603 
  M-C-Hexane 0.877  0.865 0.770 0.875 
  Toluene 0.048  0.048 0.024 0.050 
C8 Octanes 0.639 0.034 0.630 0.561 0.646 
  E-Benzene 0.020  0.020 0.010 0.019 
  M/P-Xylene 0.153  0.151 0.134 0.154 
  O-Xylene 0.038  0.037 0.019 0.038 
C9  0.489 0.213 0.497 0.430 0.502 
C10  0.412 0.997 0.446 0.210 0.439 
C11  0.318 3.402 0.359 0.279 0.322 
C12  0.229 9.823 0.363 0.117 0.233 
C13  0.165 11.891 0.327 0.145 0.175 
C14  0.155 14.295 0.351 0.079 0.157 
C15  0.149 10.645 0.292 0.131 0.148 
C16  0.113 11.56 0.272 0.058 0.120 
C17  0.099 10.508 0.243 0.087 0.103 
C18  0.102 11.603 0.261 0.052 0.108 
C19  0.084 8.701 0.206 0.073 0.099 
C20+  0.358 8.701 0.457 43.440 0.380 
    100.000 100.000 100.000 100.000 100.000 
 
Table H 17 - Summary of Results for Experiment on Well L data starting point A 
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Figure H 25 - Results of Regression Experiment Well L, starting point A, CO2 to C20+ 
 
 
Figure H 26 - Results of Regression Experiment on Well L data, starting point A, C8 to C20+ 
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Figure H 27 - Results of Regression Experiment on Well N and L data with the estimated decontamination conducted using the subtraction 
method, starting point A, C8 to C20+ 
 
 
Figure H 28 – Phase Envelopes derived from the compositional results from the optimization on well data from Wells N & L with comparison to 
results from the Subtraction method.  
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    Cricondentherm Cricondenbar 
    deg K BARa 
Well N  446 257 Regression Method 
Well L  444 257 
       
Well N  448 260 Subtraction Method 
Well L  441 254 
Table H 18 – Estimated saturation pressure determined from the Phase 
Envelopes derived from the results of the two different decontamination 
techniques.   
 
 
Component 
Decontamined 
Composition - Subtraction 
Method/Regression Start 
Point 
Average 
Contaminated 
Composition 
Experiment E 
Result 
   Weight % Weight % Weight % 
CO2  1.118 1.113 1.119 
N2  2.745 2.735 2.748 
C1  70.093 69.835 70.117 
C2  7.023 6.998 7.028 
C3  5.665 5.645 5.666 
iC4  1.445 1.440 1.445 
nC4  2.355 2.348 2.356 
C5  0.050 0.050 0.052 
iC5  1.095 1.095 1.102 
nC5  0.930 0.928 0.930 
C6 Hexane 1.180 1.175 1.178 
  
M-C-
Pentane 0.370 0.370 0.372 
  Benzene 0.009 0.010 0.008 
  Cyclohenane 0.493 0.493 0.490 
C7 Heptane 0.703 0.700 0.706 
  M-C-Hexane 0.933 0.930 0.937 
  Toluene 0.050 0.045 0.046 
C8 Octanes 0.679 0.673 0.672 
  E-Benzene 0.030 0.025 0.023 
  M/P-Xylene 0.150 0.140 0.141 
  O-Xylene 0.040 0.038 0.038 
C9  0.503 0.503 0.505 
C10  0.413 0.413 0.415 
C11  0.310 0.310 0.312 
C12  0.233 0.233 0.232 
C13  0.190 0.190 0.189 
C14  0.183 0.405 0.149 
C15  0.165 0.173 0.164 
C16  0.170 0.275 0.152 
C17  0.115 0.120 0.117 
C18  0.115 0.120 0.119 
C19  0.098 0.098 0.093 
C20+  0.380 0.380 0.378 
    100.000 100.000 100.000 
 
Table H 19 - Summary of Results for Experiment on Well N data starting point E 
Numerical Decontamination of Gas PVT Samples, Contaminated with Oil Based Mud                                                                              71 
 
Figure H 29 - Results of Regression Experiment Well N, starting point E, CO2 to C20+ 
 
 
Figure H 30 – Results of Regression Experiment on Well N data, starting point E, C8 to C20+ 
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Component 
Decontamined 
Composition - 
Subtraction 
Method/Regression Start 
Point 
Average 
Contaminated 
Composition 
Experiment E 
Result 
   Weight % Weight % Weight % 
CO2  0.944 0.930 0.945 
N2  2.824 2.784 2.828 
C1  71.565 70.538 71.684 
C2  6.919 6.820 6.934 
C3  5.514 5.436 5.526 
iC4  1.345 1.325 1.347 
nC4  2.242 2.209 2.247 
C5  0.030 0.031 0.034 
iC5  0.967 0.952 0.968 
nC5  0.815 0.804 0.816 
C6 Hexane 0.994 0.979 0.998 
  
M-C-
Pentane 0.334 0.329 0.334 
  Benzene 0.011 0.010 0.010 
  Cyclohenane 0.443 0.437 0.443 
C7 Heptane 0.606 0.596 0.606 
  M-C-Hexane 0.877 0.865 0.878 
  Toluene 0.048 0.048 0.048 
C8 Octanes 0.639 0.630 0.641 
  E-Benzene 0.020 0.020 0.021 
  M/P-Xylene 0.153 0.151 0.154 
  O-Xylene 0.038 0.037 0.039 
C9  0.489 0.497 0.500 
C10  0.412 0.446 0.438 
C11  0.318 0.359 0.308 
C12  0.229 0.363 0.207 
C13  0.165 0.327 0.141 
C14  0.155 0.351 0.120 
C15  0.149 0.292 0.120 
C16  0.113 0.272 0.089 
C17  0.099 0.243 0.077 
C18  0.102 0.261 0.073 
C19  0.084 0.206 0.064 
C20+  0.358 0.457 0.361 
    100.000 100.000 100.000 
 
Table H 20 - Summary of Results for Experiment on Well L data starting point E 
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Figure H 31 - Results of Regression Experiment Well L, starting point E, CO2 to C20+ 
 
 
Figure H 32 - - Results of Regression Experiment on Well L data, starting point E, C8 to C20+ 
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Figure H 33 - Results of Regression Experiment on Well N and L data with the estimated decontamination conducted using the subtraction 
method, starting point E, C8 to C20+ 
 
 
Figure H 34 - Phase Envelopes derived from the compositional results from the optimization on well data from Wells N & L with comparison 
between the optimizations started from A and E.  
.  
 
 
 
